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INDICATIONS AND USAGE 


Treatment: CEFOTAN is indicated for the therapeutic treatment of the following infections when caused 

by susceptible strains of the designated organisms: 

Urinary Tract Infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 

mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganil). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus ert peda and nonpenicillinase-producing strains), Haemophilus influenzae 

(including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), E coli, Proteus 

mirabilis, and Serratia marcescens." & 

Skin and Skin Structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species 

acme enterococci), E coli, Klebsiella pneumoniae, and Peptococcus” and Peptostreptococcus sp." 
ecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), group B 

streptococci, E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, and B thetalotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 

Pe us and Peptostreptococcus org À i 

intra-abdominal Infections caused by £ coli, Klebsiella species bearna eumoniae), Strepto- 

coccus species lenge irei Bacteroides species (excluding B distasonis, B ovatus, and 

B thetaiotaomicron), and Clostridium species.” 

Bone and Joint infections caused by ococcus aureus.” 

*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accor 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other lt ap bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

Note: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be perehiity 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy Is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 

poten to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephr Bey me be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

Pro s: The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
operative infections in patients undergoing surgical procedures that are classified as clean contaminated 
or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
ene of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for 
ne aon S the causative organism so that appropriate therapeutic measures may be initiated. 


CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 
Before therapy with CEFOTAN Is instituted, careful Inquiry should be made to determine whether the 
patient has had PF same ersensitivity reactions to c n disodium, cephalosporins, 

nicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 

ntiblotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epee and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, It is important to consider its diagnosis in patients who develop 
diarrhea In association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or coe one impairment or poor nutritional state, the elderly, and patients with cancer. 
Prothrombin time should be monitored and exogenous vitamin K administered as indicated. 
PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection does occur 
during thera a ropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
paan colitis. 
nformation for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized by 
flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


neo. 
Drug/Laboratory Test Interactions: A false positive reaction for glucose in urine may occur with 
Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 

Carcinogenesis, ees armin impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard met tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
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00 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and poppe in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, paroan at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 100 w be SC for 5 weeks, or 
in infant cogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. l ] 

Usage In Pregnancy: Be me Category B: Reproduction studies have been performed in rats and 
monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
Usage In Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Ta purer occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in ; 
Horner SA laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
1 in 300), alkaline phosphatase (1 in iy and LDH (1 in 700). 
jo reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 


1 in 700). 
ae effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), anc discomfort (1 in 500). 

During postmarketing experience with CEFOTAN, agranulocytosis, anaphylactic reactions, fever, 
hemolytic anemia, leukopenia, eben og prothrombin time with or without bleeding, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATIO 

Treatment: The usual adult dosage is 1 or 2 pon of CEFOTAN administered intravenously or intra- 
muscularly evary 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
cette at a a 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 : of CEFOTAN administered once, hpg s 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

impaired Renal Function: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


1 I, S 
*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose re uced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: a Se 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
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New Orleans, Louisiana 


Intracavitary Repair of Ventricular Aneurysm and Regional Dyskinesia ...................-. 417 


Intracavitary repair of left ventricular aneurysm and regional dyskinesia employs a patch of Dacron fabric to 
exclude the hypokinetic or fibrotic myocardial segment. The elliptical patch preserves the contour and 
volume of the ventricular cavity. Since March 1989, we have used this new technique with favorable results. 
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This article reviews 699 patients who required coronary artery bypass procedures after elective percutaneous 
coronary angioplasty. This group represents 4% of the patients who underwent percutaneous coronary 
angioplasty during this period. The 5-year survival after emergency coronary artery bypass was 91%. 
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Infected Aortic Aneurysms: A Changing Entity ................... 52: ccc e cece cece eee e eee: 435 


Infected aortic aneurysms are uncommon but, without aggressive surgical intervention, are uniformly fatal 
due to sepsis or aortic rupture. The authors’ recent experience with six patients with infected aortic 
aneurysms is reviewed and the English language literature surveyed. The data suggest that the risk factors and 
causative organisms originally described with the entity have changed. Moreover, new diagnostic methods 
such as computed tomography now allow for earlier diagnosis and, consequently, aneurysmal excision and 
graft interposition before rupture, with an improved outcome. 
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The authors review 113 aortic occlusions in 103 patients seen during a 26-year period (1965-1991). They 

found three distinct patterns of presentation that ultimately affected management, operative mortality, and 

long-term outcome. The evolution of current treatment strategies is reviewed. 
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Joseph L. Mulherin, Jr., M.D., Raymond S. Martin, III, and William H. Edwards, Jr., M.D. 

Nashville, Tennessee 


Current Management of Male Breast Cancer: A Review of 104 Cases ....................... 451 


The authors report a retrospective review of 104 male patients with breast cancer. The results suggest that the 

disease is remarkably similar to breast cancer in female patients, with virtually identical survival profiles. The 

poor prognosis of men reported in earlier series may be yielding to increased public awareness of the disease 
J and, specifically, an awareness of the value of prompt diagnosis and treatment. 
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The authors report that total plasma IgE levels from 32 patients with major traumatic injury were elevated 
compared with levels in control groups of healthy volunteers and patients undergoing elective surgery. Also, 
in the trauma group, total IgE levels were elevated in patients with sepsis syndrome. 
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Abdominal packing for hemorrhage that is not controlled by standard techniques in patients who have had 
hypothermic, acidotic, and coagulopathic trauma may be lifesaving. Factors that adversely affect survival 

Ra were identified as pH < 7.18, T < 33C, prothrombin time >16 seconds, partial thromboplastin time >50, 
and transfusion of >10 units of blood. Packing may aid aggressive attempts to prevent or correct these 
factors. 
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Critically injured patients often develop hypothermia, acidosis, and coagulopathy. These metabolic 
derangements feed on each other, creating a vicious cycle that is soon fatal. Two hundred patients were 
treated with unorthodox techniques to break the cycle and improve survival. 
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The hypermetabolic response to burn injury can be greatly reduced with occlusive dressings (insulation) or 
electromagnetic heaters and no dressings (external energy support). The residual hypermetabolic response 
may be secondary to chronic increase in body temperature. Catecholamines are not the primary mediators of 
the hypermetabolic response. 
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The management of complex hepatic injuries (grade II-IV) by prolonged portal triad occlusion and the 
finger fracture technique has proven to be effective (mortality, 6.5%). Perihepatic packing and planned re- 
exploration can be lifesaving in the presence of a coagulopathy. Nonoperative management of blunt hepatic 
injuries in select adult patients is highly successful. 
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The authors report a prospective analysis of septic complications in 98 trauma patients who were 
randomized to early enteral versus parenteral feeding. Significantly fewer infections developed in the patients 
randomized to enteral feeding, with the differences significant in the most severely injured patients with 
injury severity score >20 and/or abdominal trauma index >24. There were significantly fewer infected 
patients and infections per infected patients in the enteral group. 
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The authors report intraoperative transcranial Doppler monitoring of cerebral ischemia during carotid 

clamping in 238 carotid artery operations. If intracranial Doppler velocity showed severe ischemia, carotid 

shunting was associated with a lower stroke rate, but not in patients who had mild ischemia or no ischemia. 
Electroencephalogram and carotid stump pressure were not as helpful. 
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Neurotensin Augments Intestinal Regeneration After Small Bowel Resection in Rats ........ 520 
This study reports the trophic effects of neurotensin on residual gut mucosa after extensive small bowel 

resection in rats. Neurotensin significantly augmented the normal adaptive response in the intestinal remnant 

after either proximal or distal resection. 
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The Effect of Gastrin on Growth of Human Stomach Cancer Cells .......................-.. 528 
The authors show that the growth of human stomach cancer cells was stimulated by human gastrin-17 

through specific gastrin receptors that are linked to the mobilizing system of intracellular calcium, but not 

linked to the cyclic AMP pathway and to phosphatidylinositol hydrolysis. 
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Cytokine Modulation of Na+-dependent Glutamine Transport Across the Brush Border 
Membrane of Monolayers of Human Intestinal Caco-2 Cells ..................0..0000 02005. 536 
The authors report that endotoxin, tumor necrosis factor-a, interleukin-1, and interleukin-6 alone and in 

combination did not significantly reduce Na*-dependent glutamine transport across the brush border of 

intestinal Caco-2 cells. Interferon consistently decreased glutamine transport by 30%; this decrease was due 

to a reduction in carrier V ma, rather than a change in transporter affinity. 
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The mammalian liver possesses the ability to regenerate after hepatic resection or trauma. The rat Kupffer 
cell produces elevated quantitites of both IL-6 and PGE, during hepatic regeneration. The increased 
production of IL-6 by Kupffer cells is shown to be downregulated in an autoregulatory fashion by the 
prostaglandin PGE). 
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The authors compare clinical presentation and outcome in 42 patients who had pancreatic pseudocysts 
managed with internal drainage with those of 52 patients managed with percutaneous catheter drainage. 
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drainage nor internal drainage was definitive and, with either technique, subsequent correction of underlying 
pancreatic pathology may be necessary. 
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The development of the University of Wisconsin (UW) cold storage solution has extended safe preservation 
of the liver and pancreas from 6 to 24 hours or more. Although the ability to extend preservation times has 
many advantages, perhaps the most important contribution of the UW solution has been the increased use 
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An experience with 21 pancreas and combined pancreas-renal transplantation is reported. Complication rates 

and survival rates are acceptable; the effect of portal versus systemic release of insulin is evaluated. 

Lynn K. Rosenlof, M.D., Richard C. Earnhardt, M.D., Timothy L. Pruett, M.D., William C. Stevenson, M.D., 

Mary T. Douglas, M.S.N., Gregory C. Cornett, B.S., and John B. Hanks, M.D. 

Charlottesville, Virginia 


The Interrelation Between Sclerosing Cholangitis and Ulcerative Colitis in Patients 
ee r Tanplan oui. sks bing 654+ ta ear dasa A E E a 598 


Follow-up of chronic ulcerative colitis patients who underwent liver transplantation for end-stage primary 
sclerosing cholangitis shows that liver replacement and immunosuppression do not alter the course of the 
colonic disease. Active chronic ulcerative colitis does not adversely affect allograft function, although an 
elevated alkaline phosphatase level may be the harbinger of recurrence over the long term. 
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The authors analyze 16 potential risk factors in 855 living related donor transplants from 1968 to 1991. 
Immunosuppression, tissue typing, and race were important in graft survival. Cyclosporine and Minnesota 
antilymphocyte globulin (quadruple therapy) improved graft outcome in both races and also in one- 
haplotype—matched patient recipients. 
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This study compares the efficacy of three donor-specific transfusion/cyclosporine (CsA) protocols in one- 
haplotype-mismatched living related renal transplant recipients. The use of a single pretransplant donor- 
specific transfusion with pretransplant CsA was as effective as and less costly than the classic approach of 
multiple preoperative donor-specific transfusions with pre- or postoperative initiation of CsA and had the 
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Is There a Field of Wound Pharmacology? 


ajor improvements in almost all branches of 
M surgery have occurred during the past 50 years. 

Pioneering developments in cardiovascular 
surgery, organ transplantation, and in the repair of con- 
genital anomalies, to name but a few, are now embedded 
in everyday surgical practice. Driven by technological ad- 
vances as well as by new science, this progress has per- 
mitted surgeons to restore to health patients who were 
previously untreatable. These advances also have allowed 
smoother recovery and reduced morbidity rates for those 
undergoing conventional operative procedures. 

Progress in improving wound healing per se has been 
more moderate. It has centered mainly on the prevention 
of vitamin, trace metal, and protein deficiencies that delay 
wound healing or lead to wound breakdown. Beyond at- 
tempts to reduce or prevent pathologic scar formation, 
few active interventions in wound management have fun- 
damentally affected the outcome of healing. Although 
novel suture materials have been a most important con- 
tribution to microsurgery and to vascular surgery, these 
advances have only marginally affected the healing of sur- 
gical wounds and of chronic wounds or ulcerations. 

The existence of this relatively static status of wound 
management has not been for lack of research effort. In 
fact, in the past two decades we have witnessed elegant 
studies of the mechanisms of wound healing, not only at 
the cellular level, but at the biochemical and molecular 
levels as well. Many of these investigations have been 
conducted by surgeons in collaboration with basic sci- 
entists.'* Until the past 3 to 5 years, however, the con- 
ventional wisdom was that for most clean wounds, healing 
occurred at ceiling rates and by optimal incorporation of 
cellular and matrix components. Almost no one thought 
that normal wound healing could be further enhanced by 
any biochemical or therapeutic manipulation. 

The discovery in 1962 of the first growth factor, epi- 
dermal growth factor (EGF), did not immediately alter 
this thinking. More than a decade passed before this 


growth factor was tested in animal wounds, and it was 


more than a quarter of a century before the first clinical 
trial of EGF was reported.* Subsequently, other growth 
factors were discovered and produced in large quantity 


-by recombinant technology. These included platelet- 


derived growth factor (PDGF), fibroblast growth factor 
(FGF), and transforming growth factor-beta (TGF-). 


Once it was recognized that angiogenesis, fibroblast pro- 
liferation, and collagen production could be stimulated 
by these polypeptides, they were applied to experimental 
wounds. 

Thus, it was revealed for the first time that clean surgical 
wounds could undergo accelerated healing. It was soon 
found that each of these molecules could accelerate healing 
of chronic wounds or wounds with specific healing defi- 
ciencies.°-’ Because of the many similarities between 
chronic wounds and chronic duodenal ulcers, accelerated 
healing of ulcers was also stimulated by administration 
of an angiogenic factor. Taken together, these results 
kindled intense activity in university and pharmaceutical 
laboratories to determine which was “the optimum” 
growth factor for wounds. The drive to find a single growth 
factor that could accelerate wound healing was heavily 
influenced by the potential of clinical application, but also 
by the added difficulty of obtaining Food & Drug Ad- 
ministration (FDA) approval for mixtures of multiple 
growth factors. This search for a therapeutic growth factor, 
however, led to a new concept of “wound pharmacology.” 
The developers of this young field have begun to recognize 
that optimum promotion of wound healing may require 
the administration of more than one growth factor.” Nev- 
ertheless, these efforts have been focused almost exclu- 
sively on acceleration of wound healing. 

In this issue of the Annals, Adzick and Longaker’® now 
propose that the field of wound pharmacology deserves a 
wider focus. They argue that it may soon be possible to 
therapeutically modify other characteristics of wound 
healing, for example, scar formation. Such therapy could 
prevent or reverse many types of pathologic scars, in- 
cluding hepatic cirrhosis, pulmonary fibrosis, and burn 
contractures. The authors base this proposal on their own 
studies of fetal wound healing. Fetal wounds in animals 
and humans heal with greatly diminished scar formation. 
In its simplest form, the Adzick-Longaker hypothesis says 
that at least one essential difference between fetal and 
adult wounds is the level of hyaluronic acid. Fetal wounds 
heal with a persistently elevated level of hyaluronic acid. 
Hyaluronic acid in the wound matrix may organize the 
deposition of collagen in a unique fashion so that little or 
no scarring or contraction ensues. In contrast, adult 
wounds have only a transient elevation of hyaluronic acid. 
The point that should be emphasized is that a thorough 
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understanding of the mechanisms of fetal wound healing 
may provide a novel approach to prevent pathologic scar 
formation in adult wounds. The authors quote interesting 
preliminary experiments in which topical hyaluronic acid 
was able to modify scar formation in animals. It is also 
interesting that different fragments of hyaluronic acid can 
either stimulate or inhibit angiogenesis. ! }»'? 

It often matters less that a hypothesis is right or wrong, 
than that it is fruitful. The hypothesis presented here is 
important especially because it is likely to be very pro- 
ductive for the field of wound pharmacology. As this field 
develops, it may introduce the next revolution of fun- 
damental advances in surgery. 
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Scarless Fetal Healing 


Therapeutic Implications 





N. SCOTT ADZICK, M.D., and MICHAEL. T. LONGAKER, M.D. 





The purpose of this report is to call attention to the fetal wound 
healing process as a blueprint for ideal tissue repair. Wound 
healing in the fetus is fundamentally different from healing in 
the adult. Fetal tissue repair occurs rapidly and in the absence 
of scar formation. Because scarring and fibrosis dominate some 
diseases in every area of medicine, an understanding of fetal 
wound healing should help develop therapeutic strategies to avert 
the devastating consequences of excessive scar formation. 


ECENT EXPERIMENTAL AND clinical evidence 
R suggests that the fetus responds to injury in a 
fashion fundamentally different from the adult. 
Fetal skin wound healing occurs rapidly and in the absence 
of scar formation. This phenomenon was first observed 
clinically during the fetal surgery experience at the Fetal 
Treatment Program of the University of California, San 
Francisco.! Since 1981, 28 human fetal operations have 
been performed at 18 to 28 weeks’ gestation for anatomic 
defects that have progressive, deleterious physiologic ef- 
fects during pregnancy and life-threatening consequences 
after birth, for example, congenital diaphragmatic hernia,” 
severe bilateral obstructive uropathy,’ congenital cystic 
adenomatoid malformation of the lung,* and sacrococ- 
cygeal teratoma.’ Recent experimental work in a variety 
of fetal animal models supports the clinical observation 
of scarless fetal healing. Acute inflammation is virtually 
absent, hyaluronic acid is a prominent component of the 
wound matrix, and collagen is deposited in a highly or- 
ganized, scarless manner. Ongoing research is beginning 
to unravel the mechanisms that endow the fetus with its 
unique healing qualities.® 
The fetal wound healing process may represent a par- 
adigm for ideal tissue repair. The therapeutic goal is to 
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apply the lessons that the fetus is teaching us about wound 
healing to control the quality of healing. This lodestar 
may provide the tools for the surgeon to regulate each 
step of the adult wound healing process: re-epithelializa- 
tion, inflammation, angiogenesis, contraction, and extra- 
cellular matrix synthesis, deposition, and remodeling. 
Pare’s humble statement from over four hundred years 
ago that “I dressed the wound, and God healed it” may 
finally be outdated. 

The emerging field of “wound pharmacology” is replete 
with papers that focus on the effect of vulnerary agents, 
such as growth factors, on wound healing acceleration."* 
Peacock points out that this approach is far too confining: 
“To limit our interest in healing to the speed of its various 
reactions is almost as restrictive as it would be to continue 
embryological investigation in the hope that a baby can 
be produced in less than 9 months.” With the exception 
of chronic nonhealing wounds and bone repair, the time 
required to reestablish tissue continuity and tensile 
strength after injury is usually not the major clinical issue. 
Of far greater importance is the restoration of normal 
tissue structure and function without scar formation. 


The Consequences of Scar Formation 


Scarring and fibrosis dominate some diseases in vir- 
tually every branch of medicine and surgery. For example, 
the surgeon confronts the consequences of excessive scar 
formation daily. Skin incisions heal with scar, and some- 
times pathologic processes such as keloids and hyper- 
trophic scars are the unanticipated sequelae. Abdominal 
surgery invariably leads to intraperitoneal fibrous adhe- 
sions, and repeated bouts of mechanical intestinal ob- 
struction can result. Strictures occur at anastomotic sites, 
whether of the bowel, blood vessel, trachea, ureter, or bile 
duct. The pediatric surgeon is frustrated with the tragic 
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problem of biliary atresia in babies—a progressive, fibrotic 
obliteration of the hepatobiliary tree. Other examples in- 
clude esophageal stricture after caustic ingestion, post- 
traumatic urethral stricture, tendon adhesions after hand 
surgery,.and transmission loss after peripheral nerve in- 
jury. 

Pathologic scarring and fibrosis also frequently occur 
in nonsurgical specialties. The ophthalmologist observes 
retrolental fibroplasia in premature infants as well as a 
similar fibrotic retinopathy in diabetics. The gastroenter- 
ologist attempts to mollify the bleeding, liver failure, and 
encephalopathic complications of hepatic cirrhosis. The 
pulmonologist detects bronchopulmonary dysplasia in the 
tiny premature baby and diagnoses pulmonary fibrosis in 
the aging cigarette smoker. The radiotherapist worries 
about radiation-induced fibrosis. The cardiologist wishes 
to ameliorate the fibrotic endpoints of rheumatic heart 
disease—shortened, distorted chordae and scarred valve 
leaflets. The dermatologist deals with scleroderma. And 
this is only a partial list. 

All of these problems are notoriously difficult to prevent 
or treat. The clinician’s therapeutic role is largely to “hope 
= for the best,” much as physicians did in the past when 
confronted with what were then unsolved problems: ap- 
pendicitis until 100 years ago, bacterial infections until 
50 years ago, and organ replacement until recently. An 
understanding of fetal wound healing may lead to ther- 
apeutic strategies to help avert scarring and fibrosis. Heal- 
ing without scar would have a tremendous impact on both 
medical and surgical practice. 


Differences in the Fetal and Adult Wound Environment 


The mechanisms that underlie scarless fetal tissue repair 
are unknown, but may be unique to fetal cells, the fetal 
wound environment, or a combination of both. The fetal 
wound environment is quite different from the wound 
environment after adult tissue injury. The fetus is rela- 
tively hypoxemic, with an arterial Po. of 20 mmHg,’° 
which is lower than the arterial PO, of a maskless moun- 


taineer on top of Mount Everest.'! There is only a minimal. 


inflammatory response to fetal injury, because polymor- 
phonuclear leukocytes and immunoglobulins are not 
present in the fetal wound matrix.!”!? Finally, fetal skin 
wounds are continually bathed in warm, sterile amniotic 
fluid known to be rich in growth factors that are crucial 
for development.'* 

The lower fetal oxygen tension, the absence of acute 
inflammation, and the amniotic fluid environment each 
might dramatically influence wound healing. But the 
contribution of these differences to tissue repair may be 
discounted partially by recent results from fetal animal 


studies. Fetal tissue oxygenation remains consistently low - 


throughout gestation, yet there is a spectrum to fetal 
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wound healing as a function of gestational age: skin wound 
healing in the rat or the lamb fetus becomes adultlike 
with scar formation late in gestation.'*'>'® Although the 
absence of polymorphonuclear leukocytes in the fetal 
wound matrix suggests that some of the characteristic in- 
flammatory mediators of adult wound healing may be 
absent in fetal wounds, Simpson and Ross!’ have shown 
that elimination of neutrophils in guinea pig wounds does 
not diminish scar formation. Several lines of evidence 
suggest that amniotic fluid exposure is not crucial for 
scarless tissue repair. At birth, the opossum is physiolog- 
ically and anatomically a fetus, and remains attached to 
the mother’s nipple for 4 to 5 weeks before weaning. Al- 
though the “‘fetal” development of the marsupial contin- 
ues in the nonsterile environment of the pouch/nipple 
and in the absence of an amniotic fluid milieu, scarless 
skin healing still occurs.'® Fetal lamb studies have shown 


that exclusion of wounds from amniotic fluid by a Silastic . 


patch does not obviate scarless repair,'? and that adult 
skin transplanted to the fetus heals with scar formation 
despite 2xposure to the fluid intrauterine environment.”° 


The Fetal Wound Extracellular Matrix 


Scarless fetal wound healing may be attributed to the 
organization of a unique extracellular matrix (ECM). The 
fetal ECM has an entirely different profile of macromo- 
lecular structural constituents compared with adult ECM. 


In particular, the early appearance and prolonged. 


maintenance of an environment rich in hyaluronic acid 
(HA) facilitates cell mobility, cell proliferation, and re- 
generation in fetal wounds.”!*? Hyaluronidase-treated 
polyvinyl alcohol sponges that are implanted into fetal 
rabbits show a significant reduction in HA content with 
concomitant striking fibroblast infiltration and collagen 
deposition.” Fetal serum, amniotic fluid, wound fluid, 
and a number of fetal tissues contain a glycoprotein called 
hyaluroric-acid-stimulating activity (HASA).?*?° This 
factor is present in the fetal wound for a prolonged period, 
which results in a prolonged HA-rich response in fetal 
wounds, a mechanism entirely absent in the adult wound. 

Studies in our laboratory have examined the mecha- 
nisms by which HA is deposited in such abundance in 
the fetal wound, delineated the nature of fetal wound col- 
lagen decosition, and compared these processes with adult 
wound healing. Based on these studies, a theoretical model 
of HA deposition in wounds can be proposed. In the adult 
wound, the early deposition of HA occurs through the 
platelet plug and the fibrin clot.” After the initial depo- 
sition of HA, hyaluronidase is produced, HA is removed, 
sulfated glycosaminoglycans then are deposited, and fi- 
nally collagen is laid down in a scar pattern (Fig. 1). In 
contrast, fetal wounds are characterized by a persistent 
presence of HASA, which underlies the prolonged pres- 
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Fic. 1. Conceptualized drawing for the mechanism of hyaluronic acid 
(HA) deposition in fetal and adult wounds. (A, top) In fetal wounds, 
hyaluronic-acid-stimulating activity (HASA) rises before HA, and the 
sustained elevation of HASA underlies the prolonged presence of HA. 
In a cell culture system, transforming growth factor-beta (TGF-8) stim- 
ulates HASA production from fetal fibroblasts. (B, bottom) In contrast, 
HASA is not present in adult wounds at any time. HA is present only 
initially and is subsequently degraded by hyaluronidase (HA’ase). The 
role of hyaluronidase inhibitors (HA’ase inhibitors) in fetal and adult 
wound healing remains to be determined. 


ence of HA. Thus, the mechanism for eliciting the early 
HA-rich response in adult wounds is entirely different 
from the prolonged HA-rich response in fetal wounds. 
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Although the precise mechanisms of action of HA in 
fetal wound healing are unknown, an HA-rich ECM may 
provide a permissive environment for the orderly depo- 
sition of collagen.!*** The deposition of collagen without 
scarring in the fetal lamb model has been firmly estab- 
lished using histologic, immunohistochemical, biophysi- 
cal, and biochemical techniques.”® Siebert et al.” have 
postulated that HA influences the reorganization of 
wound collagen by acting as-a carrier for biologically active 
proteins. In addition, several proteins recently have been 
isolated from the ECM and found to be able to bind HA; 
they appear to be involved in the structuring of 
the ECM.?!? 


Modulation of Adult Tissue Repair 


What is the evidence that adult wounds can be mod- 
ulated by HA to heal in a fetal-like manner? Historically, 
it is intriguing that reports from over 50 years ago doc- 
umented that application of “embryonic tissue juices” 
enhanced wound repair.” Radaelli et al.** investigated 
the effect of HA on wound healing in rats and found that 
treated wounds develop greater wound breaking strength 
than untreated controls.** This finding was attributed to 
an early deposition of organized collagen fibers. Hellstrom 
and Laurent?’ studied the healing of experimental tym- 
panic membrane perforations in rats treated with topical 
HA. Membranes treated with HA not only close faster 
than the untreated controls, but also show much less scar 
tissue, with a discernible organized collagen fiber layer. 
The healing rate and degree of scar tissue were dependent 
on the concentration of HA, not on the molecular weight 
of HA. Abatangelo et al.°° reported that topical HA en- 
hances epithelial migration in wounded diabetic rats. Ba- 
lasz and Denlinger?” postulated that hyaluronate gels are 
ideally suitable as viscosurgical implants to prevent post- 
operative adhesions and to control scar formation. Other 
experimental studies confirm the impression that HA is 
associated with healing that results in less scarring. 
The efficacy of applying agents to maintain an HA-rich 
wound environment by either stimulating the deposition 
of HA or retarding HA breakdown must be tested. 

Immunocytochemistry, in situ hybridization, and 
wound fluid analysis should help elucidate the unique 
growth factor and ECM molecular profile of fetal tissue 
repair. For example, the deposition of fibronectin and 
tenascin occurs early in the fetal wound matrix, and these 
phenomena may underlie rapid re-epithelialization in fetal 
wounds.**4! Recent documentation of the predominance 
of an embryonic pattern of fibronectin splicing during 
wound healing in the adult rat suggests that this fibronectin 
type is functionally more appropriate for the cell migration 
and proliferation associated with tissue repair.4*7 When 
applied topically, fibronectin expedites wound healing in 
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rats and promotes healing of human corneal ulcers.“ 
Although there has been a considerable rush to document 
the therapeutic efficacy of various peptide growth factors 
on adult tissue repair, the characteristics of the normal 
growth environment in adult wound healing have been 
largely ignored. Preliminary studies examining the profile 
of peptide growth factors in fetal versus adult sheep wound 
fluid have already shown dramatic differences in insulin- 
like growth factor II and transforming growth factor-beta 
isoform levels. 

Fetal wound healing research also may permit control 
of wound contraction. Wound contraction is the process 
by which the surrounding uninjured tissue is pulled over 
an open wound defect. When the cicatrization process 
continues after completion of wound closure, pathologic 
scar contracture results. Scar contracture can compromise 
tissue architecture and anatomic function—burn wound 
contracture and anastomotic stricture are two clinical ex- 
amples. Jn vitro studies on fetal wound contraction have 
shown that amniotic fluid can inhibit (rabbit or hu- 
man)***? or stimulate (amb)** fibroblast-populated col- 
lagen lattice (FPCL) contraction. Additional studies in 
yivo are needed to determine whether adult wound con- 
traction can be modulated when exposed to amniotic 
fluid. Recently, a protein has been identified in sheep am- 
niotic fluid that specifically stimulates human FPCL con- 
traction.*”? Development of antibodies against this protein 
or isolation of a contraction inhibitor from human am- 
niotic fluid may have substantial clinical utility in pre- 
venting scar contracture. 


The Fetal Cleft Lip Dilemma 


Recently there have been several articles and editorials 
advocating surgical correction of cleft lip in utero.°°>? 
Anticipated benefits of this form of surgery would be: (1) 
restoration of normal lip form without visible scarring, 
(2) normal midfacial growth unrestricted by scar forma- 
tion, and (3) prevention of secondary nasal deformities 
associated with cleft lip. But if fetal surgery is to be effec- 
tive, the optimal time during gestation when surgery 
should be performed must be determined. In the fetal 
lamb model, there is a change to a more adult type of 
healing with scar formation during the third trimester. '* 
In humans, the precise time at which this transition from 
fetal to adult-type repair occurs is unknown. In addition, 
human embryos show evidence of secondary deformities 
associated with clefting beginning at 10 weeks’ gestation.” 
Repair later in gestation may partially correct these de- 
formities, but repair during the first trimester may be nec- 
essary to provide complete correction. 

Advances in prenatal diagnosis, particularly ultrasound, 
have led to fetal surgery becoming a reality. Diagnosing 
cleft lip and palate ultrasonographically is not difficult, 
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but there is evidence that the rate of severe defects asso- 
ciated with cleft lip and palate is much higher in clefts 
diagnosed in utero compared with those diagnosed at 
birth.” Thus, the prenatal assessment also must ensure 
that the fetus found to have a cleft does not have other 
significant anatomic or chromosomal anomalies. 

Feial surgery for cleft lip and palate carries the same 
fetal and maternal risks as does surgery for life-threatening 
fetal anomalies, whereas the benefits, although potentially 
substantial and attractive, are unproven. Further experi- 
mental studies on fetal wound healing and new devel- 
opments in fetoscopic surgery may eventually allow in 
utero repair of cleft lip and palate. At present, performance 
of fetal surgery for human clefts is inappropriate. 


Summary 


Using the fetal wound healing “blueprint,” novel 
guidelines for scarless tissue repair may be defined. Adult 
wound healing is a complex process involving a variety 
of cell types, serum components, and cell products. The 
constituents of fetal wound healing require analysis to 
understand the control mechanisms that endow the fetus 
with unique healing abilities. The ultimate aim 1s to un- 
derstand the biology of fetal tissue repair, and then to 
apply these lessons to prevent fibrosis and contracture in 
children and adults. 
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Curative Resection in Zollinger—Ellison Syndrome 
Results of a 10-Year Prospective Study 
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Since 1980, 73 patients with Zollinger—Elison syndrome (ZES) 
without radiographic evidence of liver metastases were studied 
on a prospective protocol including medical management of gas- 
tric acid hypersecretion, extensive radiographic tumor localiza- 
tion, and exploratory surgery to find and resect gastrinoma for 
potential cure. Each patient had gastric acid hypersecretion ef- 
fectively controlled with either H,-blockers or omeprazole. Pa- 
tients were divided prospectively into two groups, with all patients 
undergoing the same preoperative localization studies and ex- 
tensive laparotomy. In contrast to group 1 (1980-1986) (36 pa- 
tients), group 2 (1987-Oct. 1990) (37 patients) also underwent 
additional procedures (transillumination and duodenotomy) at 
surgery to find duodenal gastrinomas. Preoperative. imaging 
studies localized tumor in 38 (52%) patients, and portal venous 
sampling for gastrin determinations was positive in 49 (67%) 
patients. Gastrinomas were found and resected in 57 (78%) pa- 
tients. Significantly more gastrinomas (92% of patients) were 
found in group 2 than in group 1 patients (64%) (p < 0.01). This 
increase was due to increased numbers of duodenal gastrinomas 
in group 2 than in group 1 patients (43% versus 11%; p < 0.01). 
The increased ability to find duodenal gastrinomas did not sig- 
nificantly improve the immediate disease-free rate, which was 
58% for all patients. Duodenal primary gastrinomas were found 
to have a significantly greater incidence of metastases (55%) and 
a significantly shorter disease-free interval (12 months) than 
pancreatic gastrinomas (22% and 84 months, respectively) sug- 
gesting that duodenal gastrinomas may be more malignant and 
not more frequently curable than pancreatic gastrinomas. Op- 
erations were performed with no deaths and 11% morbidity rate. 
Long-term follow-up showed that 50% of patients initially ren- 
dered disease free would develop recurrent disease by 5 years. 
Survival was excellent for all patients, and none died of malignant 
spread of the tumor or uncontrolled peptic ulcer disease, with a 
mean follow-up of 5 years. This finding is in contrast to patients 
who presented with metastatic disease on imaging studies and 
had a 20% 5-year survival rate. This study suggests that all 
patients with localized sporadic ZES can have the gastric acid 
hypersecretion managed medically, that overall survival of these 
patients is excellent, most (78%) can have all gastrinoma found 
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and resected, and some (30%) will be cured (long-term disease- 
free surrival). 


HE ZOLLINGER-ELLISON SYNDROME as originally 
described was clinically characterized by severe 
peptic ulcer disease associated with profound 
gastric acid hypersecretion in the presence of a non-beta 
islet cell tumor of the pancreas,’ which now is known to 
be secondary to ectopic release of gastrin by the tumor. 
Since it3 original description, it has been apparent that 
ali patients have two fundamental aspects of their disease 
that must be managed: the profound gastric acid hyperse- 
cretion and the malignant nature of the gastrinoma.?"!! 
Initially, attention was primarily directed at controlling 
the life-threatening gastric acid hypersecretion, which, if 
left improperly treated, led to perforation and hemor- 
rhage.'?4 For many years, total gastrectomy was the only 
effective treatment for the gastric acid hypersecretion be- 
cause resection of the gastrinoma was almost always not 
successful.!**8 In the last few years, however, with the 


. availability of progressively more potent gastric antise- 


cretory gents, medical control of gastric hypersecretion 
has beccme increasingly more effective.”!'"'’ With the 
recent availability of Ht-K*-ATPase inhibitors such as 
omeprazole, gastric hypersecretion can now be controlled 
in all patients, and it is recommended that total gastrec- 
tomy currently be used only in the rare patient who can 
not or will not take oral antisecretory drugs.®! 115-18 

In contrast to the control of the gastric acid hyperse- 
cretion, where great progress has been made and there is 
general egreement in the treatment approach, the ap- 
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proach to the gastrinoma remains unclear and contro- 
versial.”!'8 Because gastrinomas, unlike insulinomas, but 
similar to glucagonomas, VIPomas, somatostatinomas, 
PPomas, or GRFomas, are malignant in 60% to 90% of 
patients in older studies,?*!!!%° most authorities agree 
that effective surgical treatment needs to be devel- 
oped.°”)?:!!,21,22 This view is reinforced by the fact that 
60% of all patients in long-term studies in which acid 
hypersecretion is controlled died of the malignant nature 
of the disease,”*?? demonstrating that it will become the 
main determinant of long-term survival. Many physicians 
still have reservations about sending these patients for 
routine surgical exploration, however, because of varied 
surgical results. Authorities have varied from recom- 
mending routine surgical exploration to recommending 
that routine surgical exploration not be done.>7!0!822.24-30 
The primary reason for this difference of opinion in 
approach to the gastrinoma is that surgical cure rates have 
varied from 5% to 35% in different series?>67—!!:22,24-28,30,31 
and even up to 82% in a recent study,” and the results 
have been limited in various studies because of a number 
of features. First, even in recent series because of the un- 
commonness of the disease the number of patients in the 
series is small and the studies often are not prospective 
in nature. Second, the follow-up is often short, and pro- 
vocative tests are not routinely done to assess true long- 
term disease-free survival. Third, often the most advanced 
imaging studies as well as other, newer localization studies 
are not performed, so that it is not apparent whether a 
better cure rate could have been obtained with state-of- 
the-art localization studies. Fourth, in almost all older 
series, a significant percentage of patients had total gas- 
trectomy, in contrast to the present, where it is now rarely 
needed. Because gastrinomas in some recent studies in 
up to 40% of cases are duodenal in location'!?!??? and 
would frequently be removed by chance with the resected 
gastroduodenal segment, the true cure rate without such 
blind resection, which is not done today, is not established. 

The aim of the present study was to address each of 
the inconsistencies reviewed above and to attempt to de- 
fine the ability to localize gastrinomas and surgically cure 
patients with Zollinger—Ellison syndrome. This was ac- 
complished by a 10-year prospective study examining the 
ability to surgically cure 73 consecutive patients with Zol- 
linger-Ellison syndrome who had no evidence of the 
multiple endocrine neoplasia type | syndrome or meta- 
static disease by imaging studies. 


Materials and Methods 


Since 1980, 121 consecutive patients were referred to 
our institution with a diagnosis of Zollinger—Ellison syn- 
drome and studied according to an approved protocol. 
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The diagnosis of Zollinger—Ellison syndrome was initially 
confirmed in each patient by measuring fasting serum 
gastrin concentration, the increment in serum gastrin level 
in response to 2 U/kg of a bolus injection of intravenous 
(I.V.) secretin and an I.V. calcium infusion (5 mg/kg/ 
hour calcium X 3 hours) and the basal and pentagastrin- 
stimulated maximal acid output as previously de- 
scribed, ! 132-35 

The diagnosis of Zollinger—-Ellison syndrome was con- 


firmed if at least two of the following three criteria were 


present: elevated fasting serum gastrin level > 100 pg/ 
mL, basal acid output greater than 15 mEq/hour if the 
patient had had no previous gastric surgery, or greater 
than 5 mEq/hour if the patient had had prior gastric sur- 
gery, and an increase in serum gastrin level of 200 pg/mL 
after the I.V administration of secretin, or 395 pg/mL 
after an I.V. calcium infusion. ! 137-35 

The oral antisecretory drug dosage requirement was 
determined for each patient, as described previously, ' +3536 
and was defined as the amount of antisecretory drug re- 
quired to suppress acid output < 10 mEq/hour in the 
final hour before the next scheduled dose of medication. 
If the patient had had prior gastric surgery, then a dose 
of medication to reduce acid output to <5 mEq/hour was 
determined.*!!35-37 A parenteral antisecretory drug dose 
to control gastric acid output at the time of surgery was 
determined as described previously in all patients.7°-° 

All patients (n = 121) underwent upper gastrointestinal 
series, upper gastrointestinal endoscopy, computed to- 
mography, ultrasound, and selective hepatic, gastroduo- 
denal, splenic, and superior mesenteric arteriography.***!~* 
Since 1987, patients also underwent magnetic resanance 
imaging (MRI) of the abdomen and liver.* 

Patients with evidence of liver metastases on imaging 
studies that could have biopsies done percutaneously or 
laparoscopically (n = 18) were excluded from this study 
and placed on protocols for advanced disease.***’ Patients 
with evidence of multiple endocrine neoplasia type I (n 
= 22), in whom routine surgical exploration is not gen- 
erally recommended,”!':!8 were excluded from this study 
and placed in a separate protocol.*®” Patients with severe 
concomitant medical problems (n = 8) (severe cardiac 
disease [n = 2], chronic obstructive lung disease [n = 1] 
or advanced liver disease [n = 5]) that precluded surgery - 
were excluded. All remaining patients (n = 73) underwent 
percutaneous transhepatic venous sampling of the portal 
vein and its tributaries for gastrin levels before surgery,” 
and 18 patients since 1988 underwent secretin injections 
of selective arteries and measurement of gastrin levels in 
hepatic venous or other venous samples to localize the 
gastrinoma during arteriography, as described recently.>! 

The results of the radiographic imaging and localizing 
studies were available to the operating surgeon. Surgery 
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was performed in the last 67 cases by one surgeon (JAN) 
and in the first six cases by another surgeon (JWH).*? On 
the basis of the type of exploration done, patients were 
prospectively divided into two groups, and the results from 
each group were analyzed separately. Group 1 consisted 
of patients from 1980 through 1986 (36 patients) who 
underwent the standard extensive laparotomy briefly out- 
lined below. Patients in group 2 underwent exploration 
from 1987 through October 1990 (37 patients), and these 
patients underwent an identical standard extensive lap- 
arotomy to patients in group 1, but in addition, an en- 
hanced search for duodenal gastrinomas using transduo- 
denal endoscopic illumination? and duodenotomy. 
Briefly, in the standard extensive laparotomy,” the liver, 
pelvis, small intestine, pancreas, stomach, duodenum, 
mesenteric, and retroperitoneal regions in the upper ab- 
domen were explored. The pancreatic head and duo- 
denum were exposed and mobilized by performing an 
extended Kocher’s maneuver that included mobilizing the 
ascending colon and hepatic flexure. The pancreatic body 
and tail were inspected and palpated by opening the gas- 
trocolic ligament and exposing the lesser sac. The splenic 
flexure of the colon was also mobilized to facilitate in- 
spection and palpation of the pancreatic tail, and all 
women had careful palpation of the ovaries. After com- 
plete operative exposure and careful palpation, since 1982 
each patient (n = 62) underwent intraoperative ultrasound 
using a 10-MH, real-time transducer as previously de- 
scribed.” Patients in group 2, in addition, underwent in- 
traoperative endoscopic transillumination of the duo- 
denum, performed as described previously,” with or 
without duodenotomy”! to more carefully examine the 
duodenum for any evidence of small duodenal gastrino- 
mas not detected by the other methods. Briefly, intra- 
operative endoscopic transillumination was performed by 
passing an upper gastrointestinal endoscope orally at the 
time of surgery and carefully transilluminating the duo- 
denum. Biopsies were performed on all abnormalities seen 
by the endoscopist or that failed to transilluminate.>? A 
3-cm duodenotomy was performed along the antimes- 
enteric aspect of the duodenum centered on the second 
- portion of the duodenum with the option to extend in 
either direction. The duodenal wall was carefully palpated 
with the index finger inside the duodenum and the thumb 
on the outside, and the distal third and fourth parts of 
the duodenum were examined similarly by everting them 
into the incision. Any suspicious pancreatic, gastric, liver, 
duodenal, bowel, or peripancreatic nodule or lymph node 
that was identified by any method (palpation, intraoper- 
ative ultrasound, transillumination) was removed for 
pathologic analysis. In the bowel or stomach wall, a sus- 
pected tumor was excised with a full-thickness rim of nor- 
mal gut around the tumor. In the pancreatic head or ad- 
jacent lymph node areas, suspected tumors were excised. 
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In the distal pancreas, suspected tumors were resected 
along ‘with the surrounding pancreas and spleen. In one 
patien:, an ovarian cystadenocarcinoma was identified, 
and th:s patient underwent total abdominal hysterectomy 
and bilateral salpingo-oophorectomy. Ifa gastrinoma was 
not found, no gastric or pancreatic resection was per- 
formed. ; 

After surgery, before discharge, each patient underwent 
determination of fasting serum gastrin level and the 
change in serum gastrin level after secretin provocation 
performed as described previously.” Each patient was 
discharged on the same dose of antisecretory drug as pre- 
operatively. Patients then were re-evaluated at 3 to 6 
months postoperatively and then yearly for evidence of 
tumor recurrence and control of gastric hypersecre- 
tion.” At the 3- to 6-month follow-up, tumor recurrence 
was assessed by noninvasive imaging studies (ultrasound, 
MRI scan, computed tomography [CT] scan), selective 
abdom:nal angiogram, and functional studies (fasting 
gastrin concentration, secretin and calcium provocative 
studies, basal acid output). The criteria for disease-free 
surviva. of patients with Zollinger—Ellison syndrome were: 
(1) normal fasting serum gastrin concentration (<100 
pg/mL), (2) a negative secretin- (<200 pg/mL increase) 
and calzium-provocative test (<395 pg/mL increase),** 
and (3; no evidence of tumor on follow-up imaging 
studies 

Diseése-free survival and survival were graphed by the 
Kaplan-Meier method and analyzed for significant dif- 
ferences by the Breslow modification of the Kruskal-Wallis 
test. Prcportions were compared by the Fisher’s exact test. 
Differer.ces with p < 0.05 were considered significant. 


Results 


Patient Characteristics, Medications, and Localization 
Studies 


Seventy-three patients were entered prospectively into 
this stucy. Fifty patients were men, and 23 patients were 
women (Table 1). The mean age of all patients was 49 
years. Twenty-six patients (36%) had had prior upper ab- 
dominal surgery, including either partial gastrectomy or 
vagotorry in most these patients. There was a mean time 
of 8 years between the onset of symptoms and the diag- 
nosis of Zollinger—Ellison syndrome, and one patient had 
symptoms of peptic ulcer disease for 35 years before the 
diagnosis of Zollinger—Ellison syndrome. 

The basal acid output was markedly elevated 1n all but 
five patients who had had prior subtotal gastrectomy and 
vagotomy, and the mean basal acid output for all patients 
was 58 mEq/hour (Table 1). In most patients, the serum 
gastrin level was markedly elevated, with a mean fasting 
serum gastrin concentration of 909 pg/mL. All but five 
patients aad an abnormal serum gastrin response to se- 
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cretin or calcium provocation, with a mean increment of 
1669 pg/mL and 424 pg/mL, respectively. 

Each patient preoperatively had the gastric acid output 
successfully controlled by oral antisecretory medication 
(Table 1). As the study progressed, we have employed 
more potent medications, making the control of the acid 
output progressively easier. As the potency of the antise- 
cretory medication increased,*!!° as is evidenced from 
Table 1, the dose of antisecretory medication decreased, 
with a mean cimetidine dose of 6.0 g/day (n = 11); ran- 
itidine, 2.2 g/day (n = 39); famotidine, 0.3 g/day (n = 9); 
and omeprazole, 84 mg/day (n = 14) (Table 1). Currently, 
most patients are managed with one daily dose of ome- 
prazole, requiring approximately 60 to 120 mg/day (Ta- 
ble 1). 

In 52% of patients preoperative imaging studies dem- 
onstrated a gastrinoma. In 67% of patients, a positive gas- 
trin gradient (> 50% increase over simultaneous periph- 
eral sample*’) on portal venous sampling for gastrin was 
found. All but two of these gastrin gradients were present 
in the superior or inferior pancreaticoduodenal vein, sug- 
gesting that the gastrinoma was present within either the 
pancreatic head or duodenum” (Table 1). A similar pro- 
portion of patients had marked increments in hepatic vein 
gastrin levels after the injection of secretin into the gas- 
troduodenal artery, suggesting similar localization (data 
not shown).”! 


Ability to Find Gastrinoma 


Gastrinomas were found and resected in 57 of 73 pa- 
tients (78%) (Table 2). The addition of procedures to more 
carefully examine for duodenal gastrinomas (group 2) sig- 
nificantly improved the ability to find and resect gastri- 
nomas (Table 2). Specifically, before these procedures, 
64% of patients 23 of 36) had gastrinomas removed 
(group 1, Table 2), whereas subsequently 92% of patients 
(34 of 37) had gastrinomas excised (p < 0.01) (group 2, 
Table 2). The increase in gastrinomas found in group 2 
was entirely due to an increased proportion of duodenal 
wall gastrinomas excised and not to an increased ability 
to find gastrinomas in the area of the duodenum, within 
the pancreas, or in adjacent duodenal lymph nodes (Table 
3). Specifically, in the initial 36 patients in group 1, only 
four duodenal wall gastrinomas were excised. In contrast, 
in group 2, in which an extensive search of the duodenum 
was added, 16 of the 37 patients had duodenal wall gas- 
trinomas excised (43%) (Table 3). This difference was sig- 
nificant (p < 0.01), and it implied that duodenal wall 
gastrinomas were likely being missed in the 37% of pa- 
tients in whom no gastrinomas were found in group | 
(Table 2). The average size of the duodenal gastrinoma 
in group 2 was 6 mm, with 38% between 1 and 5 mm, 
and the remainder between 6 and 10 mm, whereas the 


TABLE 1. Preoperative Characteristics, Antisecretory Medication Dose, and Localization Results of Patients With Zollinger-Ellison Syndrome 


Antisecretory Drug Requirement 
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Rantidine 


Omeprazole 


Famotidine 


Tumor Localization 


Cimetidine 


Mean Basal 


Studies 


Mean 


Dose 
(mg/day) A Imaging* 


Mean 


Mean 


Acid 
Output 


Mean Time 


No. With Previous From Symptoms 


Mean 
Age 


Dose 
(mg/day) 


Delta Secretin Mean Dose Dose 
(mg/day) 


Mean Fasting 


APVS 
Positive 


(mg/day) 


Gastrin (pg/mL) Gastrin (pg/mL) 


(mEq/hr) 


to Surgery (yr) 


Upper Abdominal 


(yr) 


Sex 


Positive 


(range) n (range) n (range) 


n 


(range) {range) (range) (range) (range) 


Surgery 


M:F (range) 


n 


6050 39 2260 9 308 14 84 38 (52%) 49 (67%) 
(15%) (2400-12000) (53%) (300-5400) (12%) (80-800) (19%) (60-120) 


1] 


16694 
(67-~21700) 


909 
(133-7000) 


58t 
(4-159) 


26 


49 
(29-66) 


73 50:23 


(1-35) 


(36%) 


U/kg of secretin IV (negative secretin test result), 


* Imaging includes ultrasound, computerized tomography scan, magnetic resonance imaging scan, and 


selective arteriogram. 


PVS, selective transhepatic sampling of the protal vein and its tributaries for serum gastrin determination 
with a positive gradient equal to or greater than a 50% increase over simultaneous peripheral value as defined 


in Methods. 


+ Five patients had basal acid output <15 mEq/hr, and each had had prior acid reduction surgery, including 


previous vagotomy and antrectomy. 


Seven patients had a less than 200 pg/mL increment in serum gastrin level after the administration of 2 
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TABLE 2. Ability to Find Gastrinoma as a Function of Intensive 
Operative Focus on the Duodenum 


Surgical Group* 
I I Total 
Result of Surgery (n = 36)7f (n = 37} (n = 73) 
Gastrinoma found (n) 23 (64%)tt 34 (92%)t 57 (78%) 
Gastrinoma not 
found (n) 13 (36%)tt 3 (8%) 16 (22%) 


* Group | (1980-1986) and group 2 (1987-October 1990) differed in 
that patients in group 2 underwent additional procedures to search for 
duodenal gastrinomas as described in Methods. 

+ Numbers are the number of patients in the indicated surgical group 
with the indicated surgical result. Numbers in parentheses are the per- 
centage of patients in the indicated group with the indicated surgical 
result. 

t Significant differences betwen group 1 and group 2 by Fisher’s exact 
test (p < 0.01). 


four duodenal gastrinomas in group | had a mean size of 
6 mm (range, 4 to 10 mm), with only 1 tumor < 5 mm, 
suggesting that small duodenal gastrinomas may have 
. been missed in group 1. In group 1, the proportion of 
patients with pancreatic gastrinomas (33%) was signifi- 
cantly higher than those with duodenal gastrinomas (11%, 
p < 0.05), whereas in group 2, duodenal wall gastrinomas 
were found in 43% of patients, and the occurrence of these 
tumors was as common as pancreatic tumors (30%) 
(p > 0.1) (Table 3). 


Ability to Cure 


Of the 73 total patients explored, 42 patients (58%) at 
3 to 6 months had a normal fasting serum gastrin con- 
centration, negative gastrin provocative tests, and negative 
imaging, and thus were defined as disease free, as outlined 
in Methods. At the 3- to 6-month follow-up after operation 
in group 1, 19 of 36 patients (52%) were disease free, which 
was not significantly different from group 2, with 23 of 
37 (62%) patients disease free (p = 0.5). Therefore, al- 
though the use of extensive duodenal evaluation signifi- 
cantly improved the ability to find and resect gastrinoma 
(Table 3), it did not significantly improve the ability to 
render patients disease-free. To further investigate this 
finding, the ability to render patients disease free was con- 
sidered as a function of tumor location (Table 4). The 3- 
to 6-month disease-free rate was similar in patients in 
groups | and 2 for pancreatic gastrinomas (92% vs. 73%, 
p = 0.5) and gastrinomas within lymph nodes (83% vs. 
71%, p = 1.0). In addition, the percentage disease free for 
duodenal gastrinomas was not significantly different in 
group 2 (62%) and group 1 (50%, p = 1.0, Table 4). These 
results suggest that the failure of the disease-free rate to 
increase in patients in group 2 (although more tumors 
were found) was likely not due to a failure to render more 
_ patients with duodenal gastrinomas disease-free even 
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thoug1 more duodenal gastrinomas were found in group 
2 than in group 1 (Table 3). To investigate the basis for 
this further, the malignant potential (as defined by the 
preser.ce of pathologically proven lymph node or liver 
metas-ases) of duodenal and pancreatic primary gastri- 
nomas was compared. A greater proportion of patients 
with cuodenal gastrinomas had evidence of metastases, 
55% versus 22%, p = 0.05 (Table 5). The higher presence 
of metastatic disease in patients with duodenal primaries 
may €xplain the inability to significantly increase the 
short-term cure rate in group 2 patients, even though ad- 
ditional gastrinomas were found in this group. 


Long-term Follow-up and Survival 


To assess long-term disease-free survival, each patient 
was evaluated yearly. The median follow-up of all patients 
was 45 months (range, 3 to 120 months). Of the 42 patients 
who were resected and appeared to be disease free at initial 
postop2rative evaluation, 10 patients have developed ev- 
idence of recurrence (Fig. 1, top panel). There appear to 
be 2 peak periods for the detection of recurrence, one at 
less than 1 year and the second at 5 years (Fig. 1, top 
panel). Recurrent Zollinger—Ellison syndrome was man- 
ifested by elevated fasting serum levels of gastrin and/or 
abnormal gastrin provocative testing results only in 6 pa- 
tients end elevated serum gastrin levels and/or gastrin 
provocative test abnormalities plus recurrent tumor on 
imaging studies in 4 patients. The four patients with re- 
current gastrinoma on imaging studies were re-resected 
at 8, 5, 2 and 1 year following the initial procedure and 
one was again able to be rendered disease-free. These re- 
operations included excision of gastrinoma from peri- 
nephric nodes, liver, duodenum, and adjacent duodenal 


TABLE 3. Location of Primary Gastrinoma in Various Surgical Groups 


Location of Primary Gastrinomas Resectedt 


Lymph 

Nodes 
Surgical Group* Duodenum}||T_ Pancreatic Only 
Group 1 (2 = 36) 4 (11%) 121 (33%) 6 (17%) 
Group 2 {1 = 37) 16|| (43%) 11 (30%) 7 (20%) 
Both (n = 73) 20 (27%) 23 (32%) 13 (18%) 


* Group | (1980-1986) and group 2 (1987-—October 1990) differed in 


that patierts in group 1 underwent additional procedures to search for 
duodenal gastrinomas as described in Methods. 

f One patient had an ovarian gastrinoma, and 13 patients had no 
tumor found. 

t Numbers refer to the number of patients in each group with a gas- 
trinoma fcund in the indicated location. Numbers in parentheses are 
the percen-age of the total patients in the indicated surgical group with 
gastrinomes in this location. 

| Proportion of duodenal gastrinomas found was significantly greater 
in group 2 vs. group 1 patients (p < 0.01). 

{ Proportion of pancreatic gastrinomas found in group 1 was greater 
than that cf duodenal gastrinomas found in group 1 (p < 0.05) 
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TABLE 4. Ability to Initially Surgically Cure Patients With Zolliner-Ellison Syndrome as a Function of Primary Tumor Location 


Location of Resected Primary Gastrinoma 


Duodenum Pancreas Lymph Nodes Total 
No. With No. With No. With No. With 
Tumor No. Tumor No. Tumor No. Tumor No. 
Group* Found Cured} % Curedt Found Cured % Cured Found Cured % Cured Found Cured % Cured 
I 4 2 50 12 [1 92 6 5 83 226 18§ 82 
II 16 10 62 I1 8 73 7 5 71 34 23 67 
Both 20 12 60 23 19 83 13 10 77 568 41§ 37 


* Group | (1980-1986) (n = 36) and group 2 (1987-October 1990) 
(n = 37) differed in that patients in group 2 underwent additional pro- 
cedures to search for duodenal gastrinomas as described in Methods. 

+ Cure defined as a normal fasting gastrin concentration, negative im- 
aging studies, and negative secretin and calcium provocative tests as 
described in Methods at a follow-up evaluation 3 to 6 months after 
operation. 


nodes. The initial determination at 3 to 6 months post- 
operatively of no evidence of disease by normal serum 
gastrin level, negative imaging studies, and normal re- 
sponse to provocative testing did not predict that an in- 
dividual patient will remain free of disease (Fig. 1, top 
panel). Long-term follow-up suggests that 50% of patients 
in this category will develop evidence of recurrent disease 
at 5 years (Fig. 1, top panel). Furthermore, the tumor 
recurrence rate long-term did not differ significantly for 
patients with primary tumors successfully resected from 
the pancreas or lymph nodes (Fig. 1, bottom panel). Pa- 
tients with duodenal gastrinomas had a significantly 
shorter median disease-free interval (12 months) than did 
patients with pancreatic primary tumors (84 months, p 
< 0.01) but not those with lymph node gastrinomas (60 
months, p = 0.1). Specifically, for patients who were ini- 
tially found to be disease free with duodenal tumors, the 
5-year disease-free rate was only 40%, whereas for patients 
with pancreatic tumors who were disease free at 3 to 6 
months, the 5-year disease-free rate was 70%; similarly, 
for lymph node gastrinomas it was 60% (Fig. 1, bottom 
panel). 

Of the 16 patients in whom no gastrinoma was found 
at operation, each patient retained functional evidence of 
Zollinger~Ellison syndrome, but only one patient has 


1 


TABLE 5. Presence of Metastatic Disease* With Duodenal and 
Pancreatic Primary Lesions 


Location of Primary Gastrinoma n No. With Metastases (%) 
Pancreas 23 5 (22) 
Duodenum 20 11 (55) 


* Metastatic disease was defined as the percentage of tumor in an 
adjacent lymph node (n = 12) or the liver (n = 4) in patients with a 
primary gastrinoma at the indicated site in group 1 and group 2. 

+ A significantly greater proportion of patients with duodenal primary 
lestons had metastases (p = 0.05). 


ł Cure refers to the percentage of patients with a gastrinoma found 
who were cured. 

§ One patient had a primary ovarian gastrinoma and was curec. She 
is excluded from this analyusis. 


subsequently developed gastrinoma on imaging studies 6 
years later. That patient was re-explored and gastrinoma 
was excised from the pancreas, and the patient is currently 
disease free. Two patients in this group have died on long- 
term follow-up (7-year follow-up), but in both cases the 
death was not related to Zollinger—Ellison syndrome (one 
death due to metastatic colon cancer, and the other to 
liver failure) (Fig. 2). Of the 15 patients who had tumor 
found and resected but were not rendered disease free on 
functional studies, only one has developed recurrent tu- 
mor on imaging study. This patient initially had a pan- 
creatic body gastrinoma, and 3 years later developed a 
mesenteric lymph node near the ligament of Treitz that 
was excised, but his serum levels of gastrin remain ele- 
vated. Long-term survival (7 years) in this group is ex- 
cellent (100%) (Fig. 2). Long-term survival of patients dis- 
ease free at the 3- to 6-month postoperative follow-up was 
also excellent. In follow-up up to 9 years, only one patient 
has died of causes unrelated to the Zollinger—Ellison syn- 
drome (cancer of the oropharynx), There are no apparent 
differences in survival in any surgical group (Fig. 2). 

In contrast to the 73 patients in the current study un- 
dergoing surgical exploration with no evidence of meta- 
static disease on the initial evaluation who had excellent 
long-term survival (mean survival, 90% at 5 years) (Fig. 
2), the 5-year survival in all patients with sporadic disease 
who did not enter the study because of metastatic gastri- 
noma was less than 20% (p < 0.001) (Fig. 2). 


Complications 


Of 79 operations to excise gastrinoma from 73 patients 
(6 patients were operated on for recurrent or metastatic 
gastrinoma) with Zollinger—Ellison syndrome, there were 
no operative deaths, and nine operations (11%) produced 
complications. Complications included hemorrhage (n 
= 1), colon injury (n = 1), abscess (n = 2), wound infection 
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Fic. 1. Time to recurrence of Zollinger—-Ellison syndrome in patients 
initially disease free by surgery. (Top) The Kaplan-Meier plot of the 
time to recurrence for all patients (n = 42) who were disease free of 
Zollinger—-Ellison syndrome at the initial (either 3- or 6-mo) postoperative 
follow-up. Disease free is defined as no evidence of gastrinoma on imaging 
studies, normal fasting gastrin concentration, and negative secretin and 
calcium provocative tests as outlined in Methods. Recurrent disease has 
developed in few patients. (Bottom) Kaplan-Meier plot of the time to 
recurrence of Zollinger—Ellison syndrome of patients who were rendered 
disease free of Zollinger-Ellison syndrome at the initial postoperative 
follow-up divided by primary disease site: duodenum {n = 12), pancreas 
(n = 19), and lymph node (n = 10). One patient with the primary ovarian 
gastrinoma is excluded. Patients with primary duodenal gastrinomas had 
a significantly shorter disease-free interval than patients with pancreatic 
gastrinomas (p < 0.01). The differences between patients with duodenal 
gastrinomas and those with lymph node-only gastrinomas were not sig- 
nificant (p = 0.1). The median disease-free survival for patients with 
duodenal, pancreatic, or lymph node primary gastrinomas was 12, 84, 
and 60 months, respectively. 


(n =,2), pulmonary embolus (n = 1), septic thrombo- 
phlebitis (n = 1), duodenal leak (n = 1), and small bowel 
obstruction (n = 1). One patient had two complications: 
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wound infection and a small bowel obstruction. Of the 
complications that occurred, six required a repeat surgical 
procedure. Follow-up suggests long-term sequelae of only 
one complication, hearing loss and dizziness secondary 
to the prolonged use of gentamicin to treat an abdominal 
abscess. 


Discussion 


When this study was initiated in 1980, a number of 
advances had occurred that suggested that a prospective 
study to localize and resect gastrinomas for cure in a large 
number of consecutive patients would provide results that 
would clarify the management of the tumor in these pa- 
tients. With the widespread use of the gastrin radioim- 
munoassay and secretin provocative testing, the ability to 
diagnase Zollinger~Ellison syndrome in patients with 
peptic ulcer disease was greatly facilitated**°° and might 
lead ta the early detection of smaller, more curable gas- 
trinomas. Radiographic methods to localize islet cell tu- 
mors also were improving dramatically, including 1m- 
provec CT scanning,” subtraction angiographic meth- 
ods, ard improved ultrasound devices. Reports suggested 
that selective pancreatic arteriography could accurately 
localize 90% of insulinomas and other islet cell tumors 
such a3 gastrinomas, as well as identify metastatic dis- 
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Fic. 2. Survival of patients with Zollinger-Ellison syndrome from the 
day of diagnosis. Patients were divided into four groups based on pre- 
operative evaluation, operative findings, and initial postoperative eval- 
uation: patients who had biopsy confirmation of bulky metastatic gas- 
trinoma on initial evaluation (n = 18, open squares), patients who had 
no tumor found during surgery (n = 16, closed circles), patients who 
had all tumor resected and were functionally disease free (cured) at initial 
postoperative evaluation (n = 42, open circles), and patients who had 
all tumor resected but were functionally not disease free (cured) (n = 15, 
closed squares). There were no significant differences seen among the 
three groups who did not have metastatic gastrinoma. However, the 
group with distant disease survived for a significantly shorter time than 
all other petient groups (p < 0.001). 
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ease.°8©° Studies suggested that transhepatic venous gas- 
trin sampling from the portal vein and its tributaries could 
greatly improve localization of gastrinomas.°!* Further- 
more, with the increased ability to control gastric acid 
hypersecretion medically in all patients, obviating the need 
for routine total gastrectomy,'* it was possible to have 
time to both perform detailed imaging studies preopera- 
tively and to concentrate on localizing and removing the 
gastrinoma at surgery. The detailed imaging studies al- 
lowed identification of patients without metastatic disease 
who would possibly benefit from surgery as well as more 
precise information about the location of the primary 
gastrinoma.°>’>*9 The control of gastric acid hyperse- 
cretion preoperatively allowed the effects of long-term 
gastric acid hypersecretion such as metabolic and nutri- 
tional abnormalities to be corrected to reduce the risks of 
extensive surgery, and allowed detailed surgical explora- 
tion directed at the tumor to be carried out without the 
risks of gastric acid hypersecretion at operation and post- 
operatively. Earlier attempts to operatively localize and 
resect gastrinomas were limited* because of the lack of 
good preoperative localization methods that could identify 
patients who might benefit from surgery and because sur- 
geons had to remove the stomach, a procedure that re- 
quired a major proportion of the operating time, removing 
time and energy needed to extensively explore and find 
gastrinoma. The present study was designed to incorporate 
new state-of-the-art preoperative localization procedures 
as they became available. For example, in the mid-1980s, 
a number of studies reported increasing numbers of gas- 
trinomas being found in extrapancreatic sites, primarily 
within the duodenum. 6”?>246364 These gastrinomas were 
frequently small, missed by preoperative imaging studies, 
and could only be found by extensive search of the duo- 
denum. Furthermore, one study in the mid-1980s reported 
that — in contrast to the original studies of Zollinger and 
Ellison, in which gastrinomas occurred at a rate of 20% 
in the duodenum and in a pancreatic distribution of 4:1: 
4 in the pancreatic head, body, and tail — 90% of gastri- 
nomas were in the pancreatic head area, thus suggesting 
that many of the gastrinomas not being found in up to 
50% of patients in some series might be in this area.” To 
address these issues, beginning in 1987 we added proce- 
dures (patients in group 2) to more intensively explore 
the duodenum, including intraoperative endoscopy with 
transillumination of the duodenum, the secretin angio- 
gram with hepatic venous gastrin sampling to functionally 
localize gastrinomas,** and duodenotomy to those pro- 
cedures that had been done before 1987 (Group 1). Re- 
gardless of the localizing test results in either group of 
patients, the current protocol required that a standardized 
surgical exploration be carried out in all patients with 
sporadic Zollinger—-Ellison syndrome without evidence of 
liver metastases. Routine surgical exploration was carried 
out to find and remove gastrinomas for accurate staging 
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and prognosis information, for control of the malignant 
potential of the tumor, and for potential cure of Zollinger- 
Ellison syndrome. 

The results of the ability of surgery to cure a large num- 
ber of patients with Zollinger-Ellison syndrome provide 
important information for physicians who are trying to 
manage these patients. First, the overall immediate dis- 
ease-free rate as documented by a 3- to 6-month post- 
operative evaluation with normal serum gastrin levels, 
negative secretin and calcium provocative tests, and no 
evidence of tumor on imaging studies was 42 of 73 patients 
or 58% (Table 2). These results are better than every other 
modern prospective series except one recent study”? in- 
volving small numbers of cases, which reported an im- 
mediate postoperative cure rate of 82%, in which patients 
were treated in similar fashion to patients in group 2 in 
the present study. The findings of the present study in 
combination with this other study’ suggest that the short- 
term cure rate is significantly higher than that previously 
reported.?478:2730 Second, the ability to find gastrinoma 
during the current study significantly improved as the 
study focused on the duodenum. Specifically, in the initial 
6 years (1980 to 1986, group 1), gastrinomas were found . 
in 64% of patients, whereas when additional procedures 
to localize duodenal gastrinomas were employed (group 
2, 1987 to present), gastrinomas were found in 92% of 
patients. The increase was entirely due to localizing more 
duodenal gastrinomas, frequently of small size (< 6 mm). 
Because the preoperative imaging studies rarely localized 
these tumors, these results demonstrate that negative im- 
aging studies, even when performed by the best experts 
available, will not reliably predict whether an experienced 
surgeon will find a tumor at surgery. Third, the increased 
ability to find and resect duodenal gastrinomas did not, 
as yet. result in a statistically significant improvement in 
cure rate (Table 2). However, there appears to be an up- 
ward trend (62% in group 2 vs. 52% in group 1, p = 0.5). 
Previous studies had suggested that extrapancreatic gas- 
trinomas were more likely curable.®*® Our findings do 
not support this conclusion. In the present study, the abil- 
ity to cure patients with duodenal gastrinomas was not 
greater than that for gastrinomas arising in other sites. In 
fact, the long-term disease-free rate for duodenal gastri- 
nomas was lower. These results suggest that as increasingly 
more patients with duodenal gastrinomas are found that 
would have been missed without detailed duodenal ex- 
ploration, the disease-free rate may increase, but not dis- 
proportionally to that seen in the patients with pancreatic 
gastrinomas. Fourth, the surgical procedure was done with 
a 11% morbidity rate and no deaths. Long-term morbidity 
rate was very low (1%). Fifth, the ability of gastrinoma 
excision to render disease-free patients with Zollinger- 
Ellison syndrome is maximum immediately after opera- 
tion and decreases with length of follow-up. The long- 
term disease-free rate, in other words 5 years, is half the 
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initial figure, or approximately 30% of all patients sustain 
long-term cure (Fig. 1, lower panel). This percentage is 
significantly higher than that suggested in older stud- 
jes. 24+78.10,24,25.27,30 When this study was started, the re- 


ported long-term cure rate was less than 10%.°° °° The ` 


current results in a large number of patients as well as 
data from other recent studies*®”’ suggest that the long- 
term cure rate may even be greater than 30%. The present 
study demonstrates that studies that suggest high cure rate 
with minimal follow-up?®?>3366 are likely to be signifi- 
cantly overestimating the true long-term cure rate. Fur- 
thermore, studies suggesting cure in which long-term re- 
petitive gastrin provocative testing is not done are almost 
certainly overestimating the true long-term cure rate. In 
the present study of the 10 patients who developed evi- 
dence of recurrent Zollinger—Ellison syndrome, in six 
there was only functional data suggesting the recurrence 
(positive provocative testing with or without an elevated 
fasting gastrin concentrations), and in the remaining four, 
functional evidence as well as a gastrinoma on imaging 


studies. The results suggest that postoperatively all disease- ` 


free patients should have at least yearly evaluations with 
imaging studies and functional studies (basal acid output, 
fasting gastrin concentration, and gastrin provocative 
tests) to evaluate for continued cure. 

The long-term disease-free rate in the present study also 
provides important information on which further treat- 
ment strategies can be based. Despite finding gastrinomas 
in 78% of all patients and in 92% of patients in group 2 
in which specific additional procedures were added to lo- 
calize duodenal gastrinomas, the disease-free rate fell off 
to 30% for all patients by 5 years. These results suggest it 
will be important to identify factors contributing to the 
development of recurrent disease and predicting which 
patients have a high risk of recurrence. The'present results 
demonstrate that the location of the primary gastrinoma 
is one factor that is an important determinant of recur- 
rence. In the present study the median disease-free interval 
was 5 times longer for patients cured after lymph node 
gastrinomas were removed (median, 60 months) and 7 
times longer after resection of pancreatic gastrinomas 
(median, 84 months), than after resection of duodenal 
gastrinomas (median, 12 months). This finding is unex- 
pected, and the basis for this finding is unclear. Numerous 
previous studies suggested that extrapancreatic gastrino- 
mas are not only more likely to be curable than pancreatic 
tumors, but that duodenal gastrinomas have a lower ma- 
lignant rate than do pancreatic gastrinomas.°>°" This 
was proposed because pancreatic tumors were ectopic in 
nature, because the normal adult pancreas does not have 
G cells, whereas duodenal tumors were entopic, arising 
from G cells that are distributed in the adult duo- 
denum.*”*8 In the present study, however, 55% of duo- 
denal gastrinomas and 22% of pancreatic gastrinomas 
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were associated with metastatic disease. These observa- 
tions combined with the high recurrence rates with duo- 
denal gastrinomas suggest that duodenal gastrinomas are 
more cften malignant and are clearly not more likely to 
be curable, as proposed previously. It is likely in previous 
studies that small duodenal gastrinomas were frequently 
missed and that the detection of only lymph nodes led to 
an underestimation of the true malignant rate and cur- 
ability. In the future, additional management steps di- 
rected at improving long-term cure rate in these patients 
will need to be identified. 

Despite the malignant nature of gastrinoma as docu- 
mented by recurrent disease and, in some patients, lymph 
node or liver metastases, antisecretory medications and 
surgery provide near perfect long-term survival of patients 
with sporadic Zollinger-Ellison syndrome who present 
without evidence of liver metastases (Fig. 2). These long- 
term survival results provide information that has a sig- 
nificant bearing on current management strategies. First, 
in the present study as well as in previous studies, "248? 
patients in whom no gastrinomas were found had survival 
rates of 30% to 100%, which was not significantly different 
from that for cured patients. The current results suggest 
that these missed tumors may most likely be small duo- 
denal microgastrinomas. This excellent long-term prog- 
nosis contradicts recent studies®*”°”' suggesting the use 
of Whipple pancreaticoduodenotomy after selective ve- 
nous gastrin gradients that localize tumors to the pan- 
creatic head area when no tumor can be located at surgery. 
At present, it is not clear that the morbidity rate and po- 
tential mortality rate of this procedure do not significantly 
outweigk its potential to increase cure and survival rate. 
Secondly, it may be argued, because the 5-year survival 
is >90% and is not significantly different in patients with- 
out a gastrinoma found than in patients with a gastrinoma 
resected Dut not cured, or in patients cured, that surgery 
is not indicated. There are, however, that there are a 
number of points that argue against this approach. It is 
unknown what percentage of the resected patients would 
have dev2loped metastatic liver disease during follow-up 
if no surgery was done. We have observed other patients 
before this study who did not undergo surgical exploration 
who developed metastatic gastrinoma in the liver during 
follow-up. With the limited information available, the rate 
of such change is unknown and which patients will de- 
velop metastatic disease is unclear. Studies from carcinoid 
tumors that histologically resemble gastrinomas!' dem- 
onstrate that the rate of developing metastatic disease is 
proportional to the size of the primary tumor. In patients 
with primary tumors < | cm in diameter, between 0% 
and 15% develop metastases, and in patients with >2-cm 
tumors, as many as 50% develop metastases.'’ Imaging 
studies rarely localize gastrinomas < 1 cm in diameter, 
50% of gastrinomas | to 3 cm, and 70% > 3 cm***; there- 


Val. 215+ No. | 


fore, with the use of radiographic imaging alone, gastri- 
nomas < 3 cm are frequently missed and may only be 
found at surgery. If such patients had not undergone re- 
section and developed metastatic disease, the prognosis 
would be generally poor, as shown in the present study 
for patients with metastatic disease. In contrast, the risk 
of laparotomy is low. Furthermore, in the patients who 
are disease free (up to 30%) the surgical procedure has 
long-term benefit. In these patients, antisecretory drugs 
can be stopped or markedly decreased, and the long-term 
potential risk of chronic hypergastrinemia or taking life- 
long antisecretory agents can be avoided. In patients 
treated for up to 5 years with histamine H,-receptor an- 
tagonists or omeprazole, there have been no drug-related 
side effects. All patients need to take these agents at least 
daily, however, and few patients have been maintained 
on these drugs longer than 5 years. Lastly, chronic hy- 
pergastrinemia can cause gastric carcinoid tumors in both 
humans and animals, some of which are malignant!””*-” 
and the long-term, lifetime risk of chronic hypergastrin- 
emia has not been clearly defined. Therefore, for the 30% 
of patients disease free, long-term surgical removal may 
have significant long-term benefit. 

In conclusion, this study of laparotomy and gastrinoma 
resection in patients with sporadic Zollinger—Ellison syn- 
drome and no evidence of liver metastases suggests that 
tumors can be found in a higher proportion of patients 
than previously thought possible. In the last 37 consecutive 
patients, gastrinomas were found and excised in 34. This 
result was different from the findings in the initial 36 pa- 
tients, and it became evident that the use of techniques 
to find duodenal gastrinomas accounted for the observed 
difference. The short-term disease-free rate was 58%. 
Careful long-term follow-up indicated that 50% of patients 
initially disease free developed recurrent disease by 5 years. 
Patients who developed evidence of recurrent disease by 
radiographic imaging studies still were able to have all 
recurrent tumor removed for control. Surgery was per- 
formed with acceptable morbidity and mortality rates. 
This strategy of medical management of gastric acid hy- 
persecretion and surgical resection of gastrinoma resulted 
in no deaths from Zollinger-Ellison syndrome or treat- 
ment during the current follow-up period (>4 years). This 
study suggests that patients with Zollinger—Ellison syn- 
drome can be effectively and safely managed by antise- 
cretory medications to control gastric acid hypersecretion 
and surgery to control malignant potential of tumor in 
nearly all patients and to cure 30% of patients. 
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Ina prospective trial to determine whether gastric surgery induces 
gallbladder sludge and stone formation, 48 patients with gastric 
cancer were ultrasonographically examined with simultaneous 
observation on changes in gallbladder contractile function before 
and serially for 5 years after gastrectomy. Gallbladder sludge 
formation was induced with a high frequency of 42% 1 month 
after gastrectomy, with corresponding significant lowering of 
gallbladder contractile function. Most of gallbladder sludges, 
however, disappeared within 12 months in relation to the gradual 
recovery of gallbladder contractile function. Conversely, gallstone 
developed in nine patients (18.8%), mostly more than 6 months 
after gastrectomy. Interestingly, gallstone formation was induced 
in seven patients who were sludge negative. An evolvement of 
gallbladder sludge into stone was observed in only two patients, 
who were, however, treated with intravenous hyperalimentation. 
This study first provides evidence for the relationship between 
gastrectomy and a considerably high frequency of incidence of 
gallbladder sludge and stone in relation to changes in gallbladder 
kinetics after gastrectomy. 


INCE MAJOOR AND SUREN first drew attention to 
the possible association of gallstones with gastric 
surgery, an increased incidence of gallstones has 
been widely reported in patients with gastrectomy.” ”’ 
There has been, however, very little information about 
the pathophysiologic mechanism for the occurrence of 
gallbladder disease after gastric surgery. Most of the studies 
on gallstone disease after gastrectomy have been retro- 
spective. No report has been available to carry out a 
prospective study on pathophysiology of gallbladder in 
relation to changes of gallbladder contractile function after 
gastrectomy. 
In this study, we performed a prospective serial ultra- 
sonographic study on changes of gallbladder volume and 
contractile function with special reference to sludge’?! 
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formation and cholelithiasis in gastric cancer patients who 
have undergone gastrectomy. 


Patients and Methods 


Adult patients with gastric cancer who were about to 
undergo gastric surgery were studied. Conditions necessary 
for the present prospective study include absence of gall- 
bladder disease, as assessed by both preoperative ultra- 
sonographic study and careful examination of the gall- 
bladder at the time of surgery, no pyloric stenosis, no 
laboratory alterations in liver function test, and no injec- 
tion of insulin, opiates, or anticholinergic drugs. 

A total of 48 patients (33 men, 15 women; mean age 
of 56 years) were examined. All of them were patients 
with relatively early stage of gastric cancer.'*'° Curative 
resection was performed on all of the patients based on 
the general rules for gastric cancer in Japan.'° The surgical 
procedures carried out are as follows; subtotal gastrectomy 
with Billroth I anastomosis (30 patients), with Billroth II 
anastomosis (3 patients), total gastrectomy with inter- 
position reconstruction (6 patients), and with Roux-en- 
Y reconstruction (9 patients). 

Postoperative course was uneventful without any sign 
of cholecystitis in these patients, except in three cases with 
postoperative complications (leakage, pancreatitis, and 
passage disturbance), who were treated with intravenous 
hyperalimentation with postoperative fasting for 33 to 34 
days. The period of postoperative fasting was about 3 to 
5 days after subtotal gastrectomy (30 patients) and 8 to 
13 days after total gastrectomy (15 patients). 

By comparison, seven patients with colon cancer (five 
men, two women; mean age of 54) also were examined. 
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The operative procedures performed were partial colonic 
resection (five patients) and right hemicolectomy (two pa- 
tients). The period of postoperative fasting for these pa- 
tients was 3 to 5 days. 


Ultrasonographic Study on Gallbladder 


Ultrasonographic examination was prospectively car- 
ried out before (48 patients) and serially 1 week (36 pa- 
tients), 2 weeks (38 patients), 1 month (40 patients), 3 
months (29 patients), 6 months (31 patients), 12 months 
(44 patients), about 24 months (13 patients), and about 
60 months (9 patients) after operation. For patients with 
colon cancer, ultrasonographic examination was carried 
out before (7 patients) and 1 week (5 patients), 2 weeks 
(6 patients), 1 month (7 patients), 3 months (6 patients), 
6 months (7 patients), and 12 months (6 patients) after 
colonic surgery. Ultrasonographic examination was begun 
early in the morning (about 8:30 A.M.) after an overnight 
fast. Sonograms of the gallbladder were obtained by a real 
time ultrasound unit (Aloka, Tokyo, Japan) with a 3.5- 
MHz phased-array transducer. 


Examination on Sludge and Stone Formation 


In this study, we classified gallbladder sludges observed 
into four types (scattered type [S], tumefactive type [T], 
layering type [L], and precipitated type [P]) (Fig. 1) and 





| NORMAL | 


BSeces 


Sonogram 















a” Tumefactive 


gallstones into two types (strong echo without acoustic 
shadow [SE] and strong echo with acoustic shadow [ST]). 


Observation on Changes in the Resting Gallbladder Area 


Changes in the resting gallbladder area were observed 
before (48 patients) and serially 1 week (36 patients), 2 
weeks (38 patients), 1 month (40 patients), 3 months (29 
patients). 6 months (31 patients), 12 months (44 patients), 
and 60 months (9 patients) after gastrectomy. For patients 
with colon cancer, the same study was performed before 
(7 patients) and | week (5 patients), 2 weeks (6 patients), 
| month (7 patients), 3 months (6 patients), 6 months (7 
patients), and 12 months (6 patients) after colonic surgery. 


Study on Changes in Gallbladder Contractile Function 


Prospective studies on changes of gallbladder contractile 
function were performed on 35 patients, employing ceru- 
lein as an exogenous stimulation of cholecystokinin 
(CCK).'°-'? Cerulein (0.2 ug/kg) was injected intramus- 
cularly tc each patient before (35 patients) and 1 month 
(27 patients), 3 months (25 patients), 6 months (26 pa- 
tients), 12 months (30 patients), and 60 months (9 pa- 
tients) afier gastrectomy. Cerulein (0.2 ug/kg) also was 
injected into patients with colon cancer before (7 patients) 
and | month (7 patients), 3 months (5 patients), 6 months 
(6 patients), and 12 months (6 patients) after colonic sur- 
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FIG. 1. Ultrasonographic classification of gallbladder sludge observed after gastrectomy. 
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gery. In each study, changes of gallbladder areas in re- 
sponse to cerulein were observed for 120 minutes at 10- 
minute intervals for the first 60 minutes and at 20-minute 
intervals thereafter. Gallbladder areas were measured by 
planimeter from photographs and expressed as percent- 


ages of the original resting areas. Each value was expressed 
as mean + standard error of the mean (SEM). Student’s 
t test was used to analyze the data obtained from the study 
on gallbladder contractile function for statistical differ- 
ence. Values of p < 0.05 were considered significant. In- 
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TABLE 1. Frequency of Sludge and Stone Formation in the Gallbladder Afier Gastrectomy 


Post-1 wk Post-2 wk Post-1 mo 

(n = 36) (n = 38) (n = 40) 
Sludge 42% 42% 43% 

(n = 15) (n = 16) (n = 17) 
Stone 0% 0% 0% 

(n = 0) (n = 0) (a= 1) 


formed consent was obtained from each patient. All in- 
vestigations were carried out in accordance with the World 
Medical Association Declaration of Helsinki, adopted in 
1964 and amended in 1975, 1983, and 1989. 


Results 
Sludge Formation in the Gallbladder 


Gallbladder sludge formation was frequently induced 
in the very early postoperative period after gastrectomy 
(Fig. 2, Table 1). The frequencies of gallbladder sludge 
formation | month after gastrectomy were 100% in sub- 
total gastrectomized patients with intravenous hyperali- 
mentation (3/3), 47% in patients with total gastrectomy 
(7/15), and 38% in patients with subtotal gastrectomy (7/ 
22) (Fig. 2). Sludge positivity thereafter was gradually de- 
creased to 19% at 6 months and prominently decreased 
to only 7% at 12 months (Fig. 2, Table 2). Furthermore, 
two of the 3 patients who were sludge positive at 12 
months after gastrectomy were later found to be sludge 
negative at 21 months (case 41, Fig. 2) and at 24 months 
(case 7, Fig. 2), respectively. 

Regarding the type of gallbladder sludges, the most fre- 
quent pattern of changes during the follow-up course is 
as follows; scattered type (S) — layering type (L) — pre- 
cipitated type (P) — anechoic type (O) (Fig. 1, Fig. 2, 
Table 2). Patients with colon cancer showed no devel- 
opment of sludges at any observation period after colonic 


surgery. 


Post-3 mo Post-6 mo Post-12 mo Post-60 mo 
(n = 29) (n = 31) (n = 44) (n = 9) 
38% 19% 7% 0% 

(n = 11) (n = 6) (n = 3) (n = 0) 
3% 10% 14% 22% 

(n = 1) (n = 3) (n = 6) (n = 2) 


Stone Formation in the Gallbladder 


Gallstone formation was observed in nine of 48 patients 
with gastrectomy (18.8%) during the follow-up period of 
approximately 5 years. In four cases with development of 
gallstone (cases 1, 2, 3, and 34), no presence of sludge has 
been found until the formation of the stone (Fig. 2). In 
cases 14 and 42, although gallbladder sludge had been 
induced once after gastrectomy, sludge had completely 
disappeared within 3 months and 12 months, respectively. 
Gallstone formation occurred, however, 5 years after gas- 
trectomy. In cases | and 2, spontaneous disappearance 
of gallstone was observed at 12 months and 24 months, 
respectively (Fig. 2). In two gastrectomized patients with 
intravenous hyperalimentation, changes of gallbladder 
sludge to the strong echo were demonstrated at 3 months 
(case 5) and 6 months (case 6), respectively, indicating 
the direct evolvement of the sludge into the stone (Fig. 
3). The echotomograms of gallstones induced in another 
seven cases after gastrectomy are represented also in Figure 
4. Of 9 cases with gallstone, a single stone was found in 
six cases, whereas multiple stones were found in three 
cases, smaller than 9 mm in all cases. All of the patients 
with either gallbladder sludge formation or gallstone for- 
mation were asymptomatic, and no alterations of the 
gallbladder wall suggestive of cholecystitis were seen. 

One patient (case 4) required cholecystectomy on the 
13th month after gastrectomy because of multiple stones. 
Cholecystectomy showed that there were five pigment 
stones 3 to 9 mm in diameter in the gallbladder of this 


TABLE 2. Serial Changes in Types of Gallbladder Sludge and Stone After Gastrectomy 


Post-1 wk Post-2 wk Post-1 mo Post-3 mo Post-6 mo Post-12 mo Post-60 mo 

Sludge 

S 11 7 3 0 0 0 0 

$ 2 l 0 0 0 0 0 

L 2 5 6 2 l l 0 

F 0 3 8 9 5 2 0 
Stone 

SE — — — — 2 2 l 

ST — — — ] l 4 


Each value represents the number of patients with either ultrasono- 
graphic sludge or strong echo. 
S, scattered type; T, tumefactive type; L, layering type; P, precipitated 


type; SE, strong echo without acoustic shadow; ST, strong echo with 
acoustic shadow. 


Da 


Vol. 215 • No. | 


Fic. 3. Ultrasonographic observation 
on time course of evolvement of gall- 
bladder sludge into the stone in gas- 
trectomized patients with intravenous 
hyperalimentation. SE, strong echo 
without acoustic shadow; ST, strong 
echo with acoustic shadow; W, week; 
M, month. 


Post-5W (L) 


patient. No formation of gallstone has been observed in 
patients with colonic surgery. 


Changes in the Resting Gallbladder Area 


The resting gallbladder area (Fig. 5) was significantly 
enlarged to 154% + 9% of the original area (pregastrec- 
tomy) | week after gastrectomy, remaining significantly 
enlarged up to 12 months after gastrectomy. This dila- 
tation of gallbladder, however, returned to pregastrectomy 
levels 60 months after gastrectomy. No significant changes 
in the resting gallbladder area were induced by colonic 
surgery. 


Changes in Gallbladder Contractile Function 


Gallbladder contractile function was significantly sup- 
pressed | month after gastrectomy, showing the decreased 
maximal gallbladder contraction rate of 55.2% + 5.8% at 
30 minutes (calculated as the percentage of that observed 
before gastrectomy) after cerulein stimulation. Although 
this significant suppression of gallbladder contractile 
function has lasted for 6 months after gastrectomy, the 
contractile function showed a gradual recovery thereafter, 
attaining the maximal gallbladder contraction rate of 
91.7% + 7.4% at 12 months (Fig. 6). Gallbladder con- 


Post-2W (S) 


(Case No.6) 





POSTGASTRECTOMY GALLBLADDER SLUDGE AND STONE 23 


(Case No.5) 


-- 


Post-5W (L) 


Post-3M (ST) 


Post -3M (P) Post -12M (SE) 


tractile function in patients with colon cancer showed no 
significant changes at any observation period after colonic 
surgery compared with that before operation. 


Discussion 

The present prospective study first provides evidence 
for the relationship between gastrectomy and a consid- 
erably high frequency of incidence of gallbladder sludge 
and stone, with simultaneous serial observation on 
changes in gallbladder contractile function. Since the 
widespread use of the ultrasonography in the assessment 
of the biliary tract, the presence of sludge in the gallbladder 
has been observed frequently.'°-'? The relationship be- 
tween prolonged total parenteral nutrition and gallbladder 
sludge formation has been reported, suggesting that bowel 
rest and bile stasis during parenteral nutrition lead to pro- 
duction of sludge.!? Bolondi et al'* have observed gall- 
bladder sludge formation during prolonged fasting after 
gastrointestinal surgery, indicating that the formation of 
gallbladder sludge was induced in 15% of patients with 
postoperative fasting for 7 days and in 32% of patients 
with postoperative fasting for 10 days, respectively, after 
gastrointestinal surgery. 

The present serial and prospective study with postop- 
erative fasting for 3 to 5 days for subtotal gastrectomy 
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FIG. 4. Ultrasonographic observation of gallstones induced after gastrectomy. SE, strong echo without acoustic shadow; ST, strong echo with acoustic 


shadow; W, week: M. month. 


and for 8 to 13 days for total gastrectomy demonstrated 
a high frequency of gallbladder sludge formation of 38% 
in patients with subtotal gastrectomy and of 47% in pa- 
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FIG. 5. Serial changes in the basal (resting) gallbladder area after gas- 
trectomy. *p < 0.05. 


tients with total gastrectomy, respectively, with corre- 
sponding significant lowering of the gallbladder contractile 
function (Fig. 6). 

The time course of the gradual disappearance of the 
gallbladder sludge (Fig. 2, Table 1) was closely related to 
that of the gradual recovery of gallbladder contractile 
function (Fig. 6), suggesting that the gradual disappearance 
of gallbladder sludges could be, at least partly, attributed 
to the corresponding recovery of the gallbladder contrac- 
tile function after gastrectomy. 

The present study also demonstrated that gallbladder 
sludges observed after gastrectomy showed an unique 
pattern of changes during the follow-up course: scattered 
type — layering type — precipitated type (Fig. 1, Fig. 2, 
Table 2). Most of these gallbladder sludges, however, dis- 
appeared within 12 months after gastrectomy, except two 
cases with intravenous hyperalimentation in which 
evolvement of gallbladder sludge into the stone was ob- 
served (Fig. 3). It has been clarified that patients who re- 
ceive long-term total parenteral nutrition are at increased 
risk for the development of cholelithiasis.'*?° Messing et 
al.'* observed the prevalence of gallbladder sludge for- 
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FIG. 6. Time course of changes in the gallbladder contractile function in response to cerulein (0.2 g/kg intramuscularly) after gastrectomy. M, 


month. *p < 0.05; **p < 0.01. 


mation during total parenteral nutrition and further found 
that gallstone formation was induced in sludge-forming 
patients, but not in patients who were sludge negative. 
Their observation is consistent with above-mentioned two 
gastrectomized cases with intravenous hyperalimentation 
in our study (Fig. 3). On the contrary, all of the other 
patients who developed gallbladder sludges in our study 
did not show any evolvement of gallbladder sludge into 
gallstone, but showed complete disappearance of gall- 
bladder sludges during the follow-up course after gastrec- 
tomy. Thus, the present study first demonstrated that de- 
velopment of gallstone was induced mostly in patients 
who had shown no formation of gallbladder sludges and 
slightly in patients who were sludge negative, but had been 
sludge positive before, suggesting that development of 
gallstone observed after gastrectomy has very little to do 
with formation of gallbladder sludges. This phenomenon 
leads us to presume that the pathophysiology of gallstone 
formation after gastrectomy could be, to some extent, dif- 
ferent from that observed during total parenteral nutrition, 
which is capable of evolving gallbladder sludge into gall- 
stone. °? 

Observations on the function as well as on the volume 
of the gallbladder after gastric surgery have been contro- 
versial.™?!-?4 The present study first performed consecutive 
and prospective observation on these subjects. A possible 
explanation for a dilatation of the gallbladder after gas- 
trectomy could be sectioning of the hepatic branch of the 
vagus nerve, >”892122 which plays an important role in 
regulating the tonicity of the gallbladder.” In our study, 
to perform curative resection, lymph nodes of both the 
first and second group'*'® were removed so that the an- 
terior hepatic branch of the vagus nerve was inevitably 
dissected in each patient. No dilatation of the gallbladder 


was observed during the follow-up course after colonic 
surgery, leading us to realize the importance of the hepatic 
branch of the vagus nerve for retaining the tonicity of the 
gallbladder. 

With regard to the humoral factor that affects gallblad- 
der contractile function, CCK is supposed to play a phys- 
iologically important role in the modulation of gallbladder 
contraction.'’-'? We cannot deny a possibility that sig- 
nificant dilatation of the gallbladder, which was observed 
even 12 months after gastrectomy, might cause bile stasis, 
leading to the formation of gallstones. It may be, however, 
more likely that changes in the release of CCK, followed 
by changes in the gallbladder kinetics, in response to the 
physiologic endogenous stimulation, could be deeply in- 
volved in the incidence of gallstones after gastrec- 
tomy.'~*?! In 1958, Cox et al.” speculated that an excessive 
amount of CCK is liberated after gastrectomy. This hy- 
pothesis was confirmed later by several studies!””° that 
demonstrated a significantly augmented plasma CCK re- 
sponse to oral ingestion of fat after gastrectomy. An aug- 
mented plasma CCK response to the ingestion of a fatty 
meal!*° could be at least partly due to the rapid gastric 
emptying after gastretomy.”’ Masclee et al.** have inves- 
tigated the intestinal phase of CCK release and gallbladder 
emptying in patients with partial gastrectomy by preclud- 
ing the effect of gastric emptying and the effect of cephalic 
and gastric phases of gallbladder contraction, in which 
CCK is not involved,” finding the delayed plasma CCK 
and gallbladder responses to intestinal fat. The impaired 
vagal-cholinergic stimulation of pancreatic enzyme after 
gastrectomy may result in reduced fat digestion, followed 
by subsequent and delayed plasma CCK and gallbladder 
responses to intestinal fat. We have observed that CCK 
showed a rapid and greater response to oral fatty meal | 
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month after gastrectomy, but refilling of the gallbladder 
was induced much earlier, with corresponding earlier re- 
duction of plasma CCK, without showing any consistent 
gallbladder contraction phase before gastrectomy.'? We 
also have observed similar phenomena 12 months after 
gastrectomy (unpublished observation). The incidence of 
gallstones after gastrectomy may be due at least partly to 
the changes of endogenously released CCK, followed by 
the changes in gallbladder kinetics, leading to the bile 
stasis, which could result in eventual gallstone formation, 
especially when accompanied by the retrograde biliary 
infection or reduction of the total bile acid pool. The 
pathophysiologic mechanism for the incidence of gall- 
stones after gastrectomy needs further investigation. 
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Congenital Choledochal Dilatation With Emphasis 
on Pathophysiology of the Biliary Tract 
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Of 37 patients with congenital choledochal dilatation, aged 8 
days to 12 years, who had undergone excision with Roux-en-Y 
hepaticojejunostomy, 26 patients could be analyzed for morpho- 
logic abnormalities and pathophysiology of the biliary tract. Of 
the 26 patients with congenital choledochal dilatation, 25 (96.2%) 
had an abnormal choledochopancreaticoductal junction. Of the 
12 patients with cystic-type choledochal dilatation, 10 had the 
C-P type of abnormal choledochopancreaticoductal junction, and 
of the 13 patients with fusiform-type choledochal dilatation, nine 
had the P-C type. The amylase levels in the choledochal cyst 
and the gallbladder were elevated regardless of the form of cho- 
ledochal dilatation. An adenocarcinoma in a cystic choledochal 
dilatation was found in one child. Therefore, longstanding in- 
flammation of the biliary tract caused by the reflux of pancreatic 
juice might be one of the factors in carcinogenesis in the biliary 
tract. This free reflux of pancreatic juice was demonstrated not 
only by amylase levels in the biliary tract but also by intraoper- 
ative biliary manometry. This reflux might be explained by the 
lack of sphincter function at the junction of the common bile and 


pancreatic ducts. 
A ography (ERCP) in infants have provided further 

elucidation of the relationship between congen- 
ital choledochal dilatation and abnormalities of the cho- 
ledochopancreaticoductal junction. However, little is 
known about the pathophysiology of the biliary tract in 
patients with congenital choledochal dilatation. 

This paper describes morphologic abnormalities and 
the pathophysiology of the biliary tracts of the 37 patients 
with congenital choledochal dilatation. In addition, the 
pathophysiology, which might lead to malignant degen- 
eration in the biliary tract, is discussed. 


DVANCES IN ENDOSCOPIC retrograde cholangi- 


Clinical Data 


Thirty-seven patients with congenital choledochal di- 
latation were treated at the Division of Surgery, Children’s 
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Research Hospital, Kyoto Prefectural University of Med- 
icine from 1978 to 1990. The mean age of the nine male 
patients was 2 years 6 months (range, 8 days to 5 years). 
The mean age of the 28 female patients was 3 years 10 
months (range, 1 month to 12 years) (Table 1). During 
the follow-up period of 1 to 13 years, 36 patients have 
been doing well. However, one patient—a 12-year-old 
girl'—died of adenocarcinoma arising from the distal part 
of the cyst in the infrapancreatic region 2 years after op- 
eration. 

Excision of choledochal cyst followed by Roux-en-Y 
hepaticojeyunostomy was performed in all 37 patients. 
The cyst was proximally transected at the hepatic hilum, 
and distally resected at the level of the infrapancreatic 
region. 

The biliary tract was examined by preoperative ERCP 
or operative cholangiography in all 37 patients. Union of 
the common bile duct and the main pancreatic duct could 
be clearly demonstrated in 26 patients, 16 by ERCP, 3 
by operative cholangiography, and 7 by both procedures. 
The findings were classified into three types of abnormal 
choledochopancreaticoductal junction: (1) C-P type, the 
bile duct joins the pancreatic duct, which is the major 
duct (Fig. 1); (2) P-C type, the pancreatic duct joins the 
bile duct, which is the major duct (Fig. 2); (3) miscella- 
neous type, the connection between the common bile duct 
and the pancreatic duct is too complex to be categorized 
as either C-P or P-C type. 

Biliary manometry could be performed in the most 
recently treated 11 of the 37 patients. Pressure recordings 
were obtained with a polyvinyl catheter with an internal 
diameter of 0.8 mm and an outer diameter of 1.0 mm. 
The probe was filled with sterile solution, and perfusion 
took place at a constant rate of 30 mL/hour. This appa- 
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TABLE 1. Patients With Congenital Choledochal Dilatation 


Sex No. of Patients Mean Age (range) 

M 9 2 yr, 6 mo (8 day-5 yr) 
F 28 3 yr, 10 mo (1 mo-12 yr) 
Total 37 3 yr, 6 mo (8 day-12 yr) 


ratus was connected to a transducer (Gould Inc., P231D, 
Oxnard, CA), and the pressures were recorded with a 
Nippon-Sanei thermal pen recorder. Zero pressure, used 
throughout this study, was determined by recording at- 
mospheric pressure at the distal end of the common bile 
duct. To obtain pressure recordings from the biliary duct 
system, the probe was inserted into the sphincter of Oddi 
through the distal end of the common bile duct and the 
abnormal choledochopancreaticoductal junction. The 
probe was withdrawn from the duodenum to to the biliary 
tract at a constant speed of 0.8 mm/second. The pressure 
profile of the biliary tract was recorded in centimeters as 
the probe was withdrawn. Tetragastrin (4 r/kg) was in- 
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FIG. 1. C-P type of abnormal choledochopancreaticoductal junction. 
The bile duct joins the pancreatic duct. 
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FiG. 2. P-C type of abnormal choledochopancreaticoductal junction. 
The pancreatic duct joins the bile duct. 


jected intravenously, and manometric studies of the biliary 
tract were performed before and 3 minutes after the in- 
jection. 

Informed consent was obtained from the parents before 
performing intraoperative biliary manometry. 


Results 


Types of Abnormal Choledochopancreaticoductal Junction 
in Relation to Forms of Choledochal Dilatation 


Twenty-six patients with congenital choledochal dila- 
tation could be analyzed by preoperative ERCP or by 
operative cholangiography whether they had an abnormal 
choledochopancreaticoductal junction or not (Table 2). 
An abnormal choledochopancreaticoductal junction was 
noted in 25 of the 26 patients (96.2%) with congenital 
choledochal dilatation. The remaining patient (3.8%), with 
a fusiform choledochal dilatation, had no abnormal cho- 
ledochopancreaticoductal junction. 

Of the 12 patients with cystic dilatation, 10 had the 
C-P type, | had the P-C type, and | had the miscellaneous 
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TABLE 2. Forms of Choledochal Dilatation and Abnormal 
Choledochopancreaticoductal Junction 





Form of Abnormal Choledochopancreaticoductal Junction 

Choledochal No. of SO —S—sS—S 

Dilatation Patients C-Ptype P-Ctype Miscellaneous Absent 
Cystic 12 10 l l — 
Fusiform 13 2 9 | l 
Multicystic I — — I — 
Total 26 12 10 3 l 


TABLE 3. Forms of Choledochal Dilatation and Amylase Levels in 


Cyst and Gallbladder 

Form of Amylase Levels 

Choledochal No. of 
Dilatation Patients Cyst Gallbladder 

Cystic 22 59,969 + 14.311 80,065 + 18,724 
Fusiform 13 42,160 + 9091* 91,284 + 24,238* 
Multicystic 2 NE 200,010.0 

Mean + SE. 

* 0.05 <p<0.l 


NE, not examined. 


type of junction. Of the 13 patients with fusiform dila- 
tation, 9 had the P-C type, 2 had the C-P type, and 1 had 
the miscellaneous type of junction, and 1 had a normal 
junction. One patient had a multicystic type of dilatation 
and the miscellaneous type of abnormal choledochopan- 
creaticoductal junction. 


Amylase Levels in Choledochal Cyst and Gallbladder 


In 22 patients with cystic dilatation the mean amylase 
levels in the choledochal cyst and the gallbladder were 
59,969 + 14,311 Somogyi Units and 80,065 + 18,724 
Somogyi Units, respectively (Table 3). In 13 patients with 
fusiform dilatation, the mean amylase level in the gall- 
bladder (91,284 + 24,238 Somogyi Units) was higher (0.05 
< p < 0.1) than that in the choledochal cyst (42,160 
+ 9,091 Somogyi Units). In two patients with multicystic 
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type dilatation, the mean amylase level in the gallbladder 
was 200,010 Somogyi Units, and the amylase level in the 
choledochal cysts could not be examined. 


Pressure Measurements in the Biliary Tract Before and 
After Gastrin Stimulation 


Before gastrin stimulation the mean pressures in the 
duodenum and sphincter of Oddi were 9.4 + 1.2 cm H2O 
and 32.0 + 3.7 cm H,O, respectively (Table 4). The dif- 
ference between the sphincter of Oddi pressure and the 
duodenal pressure was 22.8 + 3.1 cm H20. The length of 
the high-pressure zone in the sphincter of Oddi was 1.6 
+ 0.2 cm. The choledochopancreaticoductal junction 
pressure was 12.8 + 1.6 cm H30. 

The mean sphincter of Oddi pressure in the cystic type 
and in the fusiform type after gastrin stimulation was 45.4 
+ 4.1 cm H,O and 41.0 + 3.3 cm H,O, respectively. These 
values were significantly higher (p < 0.05, 0.05 < p < 0.1) 
than before gastrin stimulation. However, there was no 
significant difference between these two types. The mean 
differences between sphincter of Oddi pressure and duo- 
denal pressure in the cystic type and in the fusiform type 
after gastrin stimulation were 37.0 + 4.2 cm H,O and 
34.0 + 3.7 cm H,O, respectively. These values were sig- 
nificantly higher (p < 0.05) than before gastrin stimula- 
tion. However, there was no significant difference between 
these two types. The mean lengths in the cystic type and 
in the fusiform type after gastrin stimulation were 1.6 
+ 0.3 cm and 1.7 + 0.2 cm, respectively. The choledo- 
chopancreaticoductal junction pressures in the cystic type 
and in the fusiform type after gastrin stimulation were 
13.0 + 1.1 cm H,O and 13.5 + 0.8 cm H,O, respectively. 
Thus, tetragastrin stimulation caused no significant 
change in choledochopancreaticoductal junction pressures 
before and after gastrin stimulation. 


Discussion 


As the cause of choledochal cyst, Babbit? proposed an 
abnormal relationship between the common bile duct and 


TABLE 4. Pressure Measurements of Biliary Tract in Cystic and Fusiform Types Before and After Tetragastrin Stimulation 


Duodenal Sphincter of 
Pressure Oddi Pressure 
(cm H0) (cm H,O) 
Before stimulation (n = 11) 94+ 1.2 32.0 + 3.7*+ 
Cystic type after gastrin 
stimulation (n = 7) 8.4 + 1.3 45.4 + 4.1* 
Fusiform type after 
gastrin stimulation (n = 4) 7.0 + 1.1 41.0 + 3.3 
Mean + SE. 
* p < 0.05. 


Difference Between 


Sphincter of Oddi 
Pressure and Length of 
Duodenal Pressure High-Pressure Choledochopancreaticoductal 
(em H0) Zone (cm) Junction Pressure (cm HO) 
2208.23.15 1.6 + 0.2 12.8 + 1.5 
37.0 + 4.24 16+ 0.3 13.0 + 1.1 
34.0 + 3.74 1.7 + 0.2 13.5 + 0.8 
+0.05 <p<0.l. 


tp < 0.05. 
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the pancreatic duct. Miyano et al? and Kimura et alf re- 
ported that all of the patients with choledochal cyst, except 
those with choledochocele, had an abnormal choledocho- 
pancreaticoductal junction. Komi et al’ also reported the 
frequency of abnormal anomalous ductal union in pa- 
tients with choledochal cyst to be 39%. In our series, 25 
of the 26 patients (96.2%) with congenital choedochal di- 
latation had an abnormal choledochopancreaticoductal 
junction. Therefore, there 1s no denying the fact that cho- 
ledochal dilatation has a close association with abnormal 
choledochopancreaticoductal junction, whether direct or 
indirect. 

Types of abnormal choledochopancreaticoductal junc- 
tion were analyzed in relation to the forms of choledochal 
dilatation. In our series, the C-P type was often found in 
the cystic type of choledochal dilatation, and the P-C type 
was often found in the fusiform type of choledochal di- 
latation. These results are consistent with those previously 
reported.” Therefore, the types of abnormal choledocho- 
pancreaticoductal junction seem to correlate well with 
the degree of choledochal dilatation. 

The present study showed that the amylase levels in 
the choledochal cyst and the gallbladder were elevated 
regardless of the form of choledochal dilatation. These 
results indicate that a free reflux of pancreatic juice into 
the biliary system occurs in patients with congenital cho- 
ledochal dilatation. In patients with the fusiform type of 
choledochal dilatation, the amylase level in the gallbladder 
was significantly higher than in the choledochal cyst. This 
result is natural, because the gallbladder is said to con- 
centrate bile to between 10% and 20% of its original 
volume.*® 

Kimura et al.* stressed that regurgitation of pancreatic 
juice was an important factor in gallbladder carcinoma, 
especially in patients with anomalous pancreaticobiliary 
ductal union. In our series, we actually had a patient with 
adenocarcinoma, a 12-year-old girl with anomalous pan- 
creaticobiliary ductal union. From these results, it seems 
reasonable to assume that the longstanding inflammation 
of the biliary tract caused by the reflux of pancreatic juice 
might be one of the factors in carcinogenesis in the biliary 
tract, especially in the gallbladder. 


Ann. Surg. * January 1992 


Intraoperative manometry showed a high-pressure zone 
in the area of the sphincter of Oddi in patients with con- 
genital choledochal! dilatation. However, no high-pressure 
zone was found in the area of the common channel or 
the choledochopancreaticoductal junction. This indicates 
that the influence of the sphincter of Oddi pressure does 
not extend to the area of the abnormal choledochopan- 
creaticoductal junction. Gastrin increased the sphincter 
of Oddi pressure in patients with congenital choledochal 
dilatation. No increase of pressure was found in the area 
of the common channel or the choledochopancreatico- 
ductal junction, however, even after the administration 
of gastrin. This indicates that the change in sphincter 
pressure caused by gastrin administration does not extend 
to the area of abnormal choledochopancreaticoductal 
junction. 

These results suggest that a free reflux of pancreatic 
juice ixo the biliary system can occur, and this free reflux 
may be due to the lack of sphincter function at the junc- 
tion of zhe common bile and pancreatic ducts. 
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Management Strategies in Resection 
for Hilar Cholangiocarcinoma 
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_ Between 1960 and 1990, resection was performed in 23 of 122 
patients who underwent surgical treatment for hilar cholangio- 
carcinoma. Local excision of the lesion alone was performed in 
10 cases (43%). Hepatic resection for tumor extending to the 
secondary bile ducts or hepatic parenchyma was performed in 
13 cases (57%): extended right hepatectomy (3), right hepatec- 
tomy (1), extended left hepatectomy (6), left hepatectomy (2), 
and left lobectectomy (1). In three other cases, resection by total 
hepatectomy and liver transplantation was performed, but these 
were not included in the analysis of results for resection. Sig- 
nificant operative complications occurred in only two cases 
(8.7%), and the operative mortality rate was zero. In four cases, 
complete excision of the tumor could not be achieved macro- 
scopically (macroscopic curative resection rate 19/122; 15.6%). 
In nine cases, the margins of the resected specimens were free 
from tumor on histologic examination (microscopic curative re- 
section rate, 9/122; 7.4%). In 10 cases, the resection margins 
were found to contain tumor on histologic examination. The 
overall survival rate was 87% at 1 year, 63% at 2 years, and 25% 
at 3 years (median survival, 24 months). The survival and freedom 
from recurrence rates for patients with free resection margins 
was superior to that for patients with involved resection margins 
or residual macroscopic disease. A potentially curative resection, 
with histologically negative margins and no recurrence to date, 
was achieved in seven patients using the following procedures: 
local excision for two type I lesions; left hepatectomy plus ex- 
cision of segment 1 for two type IIIb lesions and one type IV 
lesion; right hepatectomy and right hepatectomy plus excision 
of segment 1 for two type IIIa lesions. These results indicate 
that improved survival in hilar cholangiocarcinoma can be 
achieved by resection, with minimal morbidity and zero mortality 
rates, if histologically free resection margins are obtained. To 
achieve this, we recommend the following procedures for each 
type of lesion, based on our experience and on anatomic consid- 
erations: local excision for type I; local excision plus resection 
of segment 1 for type II; local excision, resection of segment 1, 
and right or left hepatectomy for types IIa and b; hepatectomy 
plus liver transplantation for type IV. 


T IS NOW more than 25 years since the first reports 
of surgery for proximal cholangiocarcinoma involv- 
ing the bile duct confluence, yet we still are con- 
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fronted by many of the same questions and controversies 
regarding the management of this lesion.'~'° Despite the 
fact that the lesion is usually slow growing, and does not 
have a high propensity for metastasis, the diagnosis is 
usually not made until the bile duct is occluded and the 
patient is jaundiced.”'' Even though the lesion may re- 
main small, its location and close proximity to important 
structures in the hilum of the liver makes curative excision 
technically difficult and often impossible.°”!° Thus, ex- 
cision is associated with high reported operative morbidity 
and mortality rates, particularly when liver resection is 
also performed.*®!° In addition, the results of excision, in 
terms of improvement of long-term survival, have been 
disappointing in most studies.*”*!° For these reasons, 
many recent reports recommend a palliative approach to 
management, using either surgical bypass or, more re- 
cently, percutaneous or endoscopic stent insertion, with 
or without radiotherapy, to achieve biliary decompression 
and alleviation of symptoms.*'!*-!6 

There are reports, however, of long-term survival after 
excision, and several studies have suggested that, in a small 
but significant percentage of patients, improved survival 
after excision can be obtained.*"® In particular, the studies 
by Launois et al.,* Evander et al., Blumgart et al.,° and 
Reding et al.'’ have concluded that, in terms of length 
and quality of survival, excision offers the best form of 
treatment. Most of the controversy concerning excision 
to achieve a “cure” surrounds the ability of a local resec- 
tion to completely remove all tumor tissue and thus sig- 
nificantly alter the natural history of the disease.* This is 
thought to be related principally to the tendency of the 
tumor to grow into the perineural tissue and thus spread 
for a considerable distance along the bile duct wall. !!!8 
Histologic examination of resected specimens has dem- 
onstrated, in some studies, a positive correlation between 
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absence of residual tumor in the resection margins and 
long-term survival.”!° 

This has encouraged some authors to recommend a 
radical approach, including extensive liver resection and 
in some cases hepatectomy and transplantation.®!©!° 
Others have maintained that this indicates that the disease 
may be multifocal and that the addition of hepatic resec- 
tion will not necessarily ensure that the resection margins 
are free from tumor.’ Moreover, if hepatic resection is 
associated with significant operative morbidity and mor- 
tality rates, it may not produce any significant overall 
benefit. >!” Thus, in view of the diversity of opinion re- 
garding resection to achieve a cure, this review was un- 
dertaken in an attempt to determine if resection has any 
beneficial effect in terms of alteration of the natural history 
of the disease, and also to allow us to develop guidelines 
for a more formalized approach for each type of lesion. 


Patients and Methods 
Patients 


This study is based on 136 consecutive patients with 
hilar cholangiocarcinoma, treated at Hôpital Paul Brousse, 
Paris, between January 1960 and December 1990. Patients 
were assessed for surgical treatment using preoperative 
ultrasound, computed tomographic (CT) scan, celiac and 
mesenteric angiography, and assessment of general med- 
ical condition. One hundred twenty-two patients were 
considered suitable for surgical treatment. 

In most cases, resection was only performed if it was 
considered as potentially curative, although in two cases, 
one with necrosis of the left hepatic lobe and one with a 
large tumor, excision was performed to obtain the most 
effective palliation. The potential for curative resection 
was assessed by intraoperative ultrasonography, intra- 
operative transhepatic cholangiography, and frozen sec- 
tion histologic examination. The disease was considered 
incurable if there was lymph node involvement outside 
the hepatic pedicle, intraperitoneal tumor spread, or dis- 
tant metastases. Involvement of the main trunk of the 
portal vein or hepatic artery, bilateral tumor extension to 
the secondary hepatic ducts, or parenchymal spread within 
the two lobes of the liver also were considered to indicate 


incurable disease. Since the introduction of liver trans-.- 


plantation, however, contraindications to curative surgical 
treatment only exist with extrahepatic disease. 

Using these criteria, 23 patients were considered suitable 
for resection and are the focus of the study (resectability 
rate, 19%). Details for each patient are given in Table 1. 
There were 12 men and 11 women, with a mean age of 
50 years (range, 22 to 82 years; median, 48 years). All but 
five patients had been previously investigated or treated 
at another institution. Ten patients (43%) had undergone 
surgical exploration and drainage by a bilioenteric anas- 


Ann. Surg. « January 1992 


tomosis or transtumoral intubation. Percutaneous exter- 
nal b-liary drainage had been performed in one case, and 
in 2 cases, biliary drainage had been performed by en- 
doscapic intubation. Patients considered unsuitable for 
resect on after investigation were treated by surgical bypass 
or traastumoral intubation, if this had not already been 
performed. 

Recently, three patients with type IV lesions have been 
treated by hepatectomy and liver transplantation. One of 
these patients had extension of the tumor to the middle 
third cf the bile duct and also underwent a Whipple pan- 
creaticoduodenectomy, 1 month after transplantation. 
These three patients were not included when analyzing 
results. however, because the main aim of the study was 
to concentrate on factors influencing survival after resec- 
tion, without transplantation. 


Anatorric Types 


Tumors were divided into four anatomic types using a 
modification of the original Bismuth—Corlette classifica- 
tion (Fig. 1). This classification was based on ultrasonic, 
cholang_ographic, and macroscopic pathologic appear- 
ances at operation. There were three type I and three type 
II cases. Sixteen cases were type IMI; in nine of these, tumor 
extension involved the right hepatic duct (Ha) and in 
seven it involved the left hepatic duct (IIIb). There were 
four type IV lesions. 


Surgicat Procedures 


The surgical procedure undertaken depended on the 
intraoperative evaluation of the anatomic type of the le- 
sion (Table 1). Local excision of the tumor and supra- 
pancreatic bile duct was performed in 10 cases. Hepatic 
resection, for tumor extending to the secondary bile ducts 
or hepatic parenchyma, was required in 13 cases. The 
liver resections comprised one left lobectomy (segments 
2 and 3), eight left hepatectomies, extended to include 
the caudaze lobe (segment 1) in six cases, one right hep- 
atectomy, and three extended right hepatectomies—to 
include segment 4 (one case), segment 1 (one case), or 
both segments | and 4 (one case). 

In all cases, all lymphatic and areolar tissue in the he- 
patic pedicle was excised. Seven patients had local lym- 
phatic spread at the time of surgery. In three, this was 
confined tz the juxtatumoral nodes, and in four, the nodes 
in the hepatic pedicle were involved. Bilioenteric conti- 
nuity was ze-established using a Roux-en-Y loop of je- 
junum. 


Histologic indings 


A histolcgic diagnosis was established in every case. - 
The most frequent finding was an infiltrating cholangio- 
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TABLE 1. Clinical, Pathologic, and Follow-up Details for Resection of Hilar Cholangiocarcinoma in 23 Patients 
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Patient Age Intraoperative 
No. Sex (yr) Classification Surgical Procedure 
l F 33 HA Excision 
2 M 43 Ii Excision 
3 M 22 H Excision 
4 F 37 HIb Excision, left lobectomy 
5 F 7) I Excision 
6 M 63 Ha Excision 
7 M 58 IIb Excision, left hepatectomy 
+ segment I 
8 M 60 IIb Excision, left hepatectomy 
+ segment | 
9 F 63 Ila Excision, right hepatectomy 
+ segments I + IV 
10 M 36 Ha Excision 
11 F 38 IIIb Excision, left hepatectomy 
12 F 59 JI Excision 
13 M 46 Ha Excision, left hepatectomy 
+ segment I 
14 F 55 IIb Excision, left hepatectomy 
15 M 82 I Excision 
{6 F 48 Ila Excision 
17 M 43 IIIa Excision, right hepatectomy 
+ segment IV 
18 M 56 I Excision 
19 F 63 IV Excision, left hepatectomy 
+ segment I 
20 F 4l HIb Excision, left hepatectomy 
+ segment I 
2! M 44 IIb Excision, left hepatectomy 
+ segment I 
22 M 54 Ila Excision, right hepatectomy 
+ segment I 
23 F 6! ila Excision, right hepatectomy 
+ segment I 


carcinoma (91%). In two patients, with recurrent lesions, 
malignancy was only confirmed at 3 and 5 years after the 
first biopsy was performed. In the first patient, the tumor 
was slow growing, without perineural infiltration, thus 
making histologic confirmation difficult. The second pa- 
tient presented with a papillary tumor with polypoidal 
growth into the bile duct confluence. She survived for 11 
years, free from recurrence, after several tumorectomies 


-followed by excision of the bile duct confluence. 


Based on macroscopic and microscopic appearances, 
patients were classified into three groups (Table 2). In 
four patients, complete excision of the tumor was not 
achieved macroscopically (Group A). In two of these, an 
extension of the tumor into the portal vein bifurcation 
was discovered during dissection. In one case, with partial 
necrosis of the left lobe of the liver, a left lobectomy and 
excision of the tumor was performed. In one other case, 
excision of the tumor was performed to allow an adequate 
bypass. Thus, of the 23 resections performed, a macro- 
scopic curative resection was achieved in 19 (macroscopic 
curative resection rate 19/122; 15.6%). 

The definitive histology report showed, in 10 cases, a 


Recurrence 
Pathologic Follow-up Alive or 
Group (mo) Local Distant Dead Remarks 
A 15 Yes Yes Dead — 
A 32 Yes Yes Dead Portal vein invasion 
A -6 Yes Yes Dead Portal vein invasion 
À 32 Yes Yes Dead Left lobe necrosis 
B 132 No No Dead Papillary tumor 
B 38 Yes Yes Dead as 
B 8 Yes Yes Dead — 
B 24 Yes “Yes Dead — 
B 16 Yes Yes Dead — 
B 33 Yes Yes Dead — 
B 32 No Yes Alive Left liver atrophy 
B 15 Yes Yes Dead — 
B 17 Yes No Alive —_ 
B 6 Yes No Alive ee 
C 48 No No Alive — 
C 14 Yes Yes Dead — 
C 22 Yes Yes Dead — 
C 39 No No Alive — 
C 29 No No Alive Left liver atrophy 
C 3i No No Alive — 
C 30 No No Alive Left liver atrophy 
C 1S No No Alive — 
C 


12 No No Alive — 


microscopic extension of the tumor involving the surgical 
resection margins or lymph nodes outside the hepatic 
pedicle. These resections were retrospectively classified as 
being palliative (Group B). Thus, after histologic analysis, 
a potentially curative resection was performed in nine 
patients (Group C) (microscopic curative resection rate, 
9/122; 7.4%). The reclassification of lesions, based on 
postoperative histologic findings, is detailed in Figure 1. 


Outcome and Follow-up 


Operative mortality was defined as death during or 
within 2 months after surgery. Follow-up ranged from 6 
months to 11 years (mean, 26 months) and included clin- 
ical assessment, measurement of liver function tests, and 
ultrasound examination. A special emphasis was placed 
on the extension of the tumor at the time of resection 
(macroscopic or microscopic), the type of recurrence (local 
or distant), and the time interval between resection and 
recurrence. In addition, the time interval between local 
recurrence and death due to secondary spread was ana- 
lyzed to focus, retrospectively, on patients who could pos- 
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Fic. 1. Modified Bismuth-Corlette classification of hilar cholangiocarcinoma in 26 patients, based on operative findings and postoperative histologic 


examination (3 patients who underwent liver transplantation included). 


sibly have benefitted from an alternative surgical ap- 
proach. 


Results 
Operative Morbidity and Mortality Rates 


In all cases, excision of the tumor and restoration of 
bilioenteric continuity produced immediate relief of 
jaundice and disappearance of symptoms. Two patients 
developed a postoperative bile leak. The first, who had 
an extensive liver resection (6 segments), developed biliary 
peritonitis and required reoperation. The second devel- 
oped an external biliary fistula, which closed sponta- 
neously after 25 days. One patient developed a wound 
infection, and two developed a postoperative respiratory 
infection. No patient developed evidence of liver dys- 
function secondary to a biliary stricture. There was no 
operative mortality. 


Survival and Recurrence 


The survival and recurrence rates for patients in groups 
A, B, and C are displayed in Table 1 and Figure 2. When 


TABLE 2. Classification Based on Gross and Histologic Appearances 


Group Pathologic Appearance N 
A Gross residual tumor 4 
B Microscopic residual tumor at resection margins 10 
C Resection margins free from tumor 9 


microscopically 


analyzing survival figures, one patient was excluded. This 
was a 70-year-old patient who had a papillary type lesion 
and a prolonged survival (11 years), not typical of the 
remainder of the group. Death was due to cardiovascular 
disease. 

The overall survival rate was 87% at 1 year, 63% at 2 
years, and 25% at 3 years. Mean survival was 25.5 months 
(median, 24 months). Currently, 10 patients are alive, 6 
to 48 months after surgery, seven of them free from re- 
currence. All four group A patients died of recurrent dis- 
ease within 32 months. In group B patients, the survival 
rate was £2% at 1 year, 43% at 2 years, and 12% at 3 years. 
The free-trom-recurrence rate was 44% at I year, 22% at 
2 years, and 0 at 3 years. 

The suzvival rate in group C patients was 100% at 1 
year, 71% at 2 years, and 50% at 3 years. Seven patients 
are currertly alive, free from recurrence, including two 
patients with juxtatumoral lymph node involvement (29 
and 39 months after surgery). One 82-year-old patient 
with juxtacumoral lymph node involvement survived for 
more than 4 years, free from disease, but was subsequently 
lost to follow-up. Two patients in group C died of recur- 
rence of their tumor at 14 and 22 months postoperatively. 
One of these, operated on early in the series, had a resec- 
tion of a type IIa tumor with resection of the hilar plate, 
but no livez resection. She presented at 10 months post- 
operatively with evidence of recurrence at the anastomosis 
and in the hepatic pedicle. The other patient, with a type 
Ha lesion with pedicle lymphatic involvement, was 
treated by resection and extended right hepatectomy. He 
died of disseminated spread of the tumor. In group C, 
there was a trend toward improved long-term survival 
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because survival and free-from-recurrence rates were 
similar at 2 and 3 years (Fig. 2). 


Correlation Between Histologic Findings and Tumor 
Progression 


There was a good correlation between histologic find- 
ings and progression of the disease. Microscopic extension 
of the tumor to the resection margin was associated with 
local recurrence in all cases except one. In addition, local 
recurrence was not observed in any cases when the resec- 
tion margin was free from tumor on histologic exami- 
nation. 
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Fic. 2. Survival and recurrence-free rates (percentage) for patients in 
groups A, B, and C. 
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Effect of Local Lymphatic Involvement at the Time of 
Surgery 


Local lymphatic involvement, either juxtatumoral or 
in the hepatic pedicle, was present in seven patients. Three 
patients with free resection margins but juxtatumoral 
nodal involvement were free from recurrence at 29, 39, 
and 48 months. Four patients (three with tumor invasion 
of the resection margin) with nodal involvement in the 
hepatic pedicle all presented with multifocal recurrence. 
Thus, local lymph node involvement, as a single factor, 
did not appear to influence outcome and was less impor- 
tant than microscopic involvement of the resection mar- 


gins. 


Temporal Relationship Between Surgery, Recurrence, and 
Death 


The time interval between surgery and evidence of re- 
currence (either symptomatic or detected by investigation) 
was variable, ranging from 1 to 26 months. In group A 
patients, the free-from-recurrence period ranged from 1 
to 11 months (mean, 4.5 months). In group B patients, 
this period ranged from 1 to 26 months (mean, 14 
months). The mean time interval between recurrence and 
death was 8 months. In group C, recurrence (two patients) 
was at 10 and 20 months. 

Local recurrence was present long (>15 months) before 
metastases occurred in four patients; three group B pa- 
tients with microscopic residual tumor in the bile duct 
and one group A patient. These patients (one type I], 
three type ITT) all underwent local excision. In retrospect, 
it 1s possible that more extensive resections may have 
achieved a cure or prolonged survival. 


Assessment of Curability of Resection 


The extent of the surgical procedure and the effect on 
the development of local recurrence was assessed for each 
type of lesion. The four patients with macroscopic residual 
tumor were not included in this analysis. Three patients, 
who were found on postoperative histologic examination 
to have lymphatic involvement other than the local nodes, 
were also excluded as, in these cases, there was already 
distant spread and recurrence was always associated with 
distant metastasis. Total excision of tumors with local 
spread only was achieved in 16 patients (Table 3). 

Local excision, without liver resection, was performed 
in eight cases. Three of these were type I lesions. In two 
of these, the resection margins were histologically negative, 
and neither developed local recurrence. In the third, pro- 
longed survival (11 years), without recurrence, was 
achieved after several tumorectomies and subsequent bile 
duct excision. The other five cases (two type II, three type 
Ia) all had macroscopic or microscopic involvement of 
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TABLE 3. Assessment of Curability of Resection for Tumors With 
Local Spread Including Juxtatumoral Lymphatic Involvement ` 


Free From Local Distant 
Surgical Procedure N Recurrence Recurrence Metastasis 
Local excision 
Type I 
Type H 
Type Illa 
Liver resection 
Left hepatectomy 
+ segment | 
Type HIb 4 2 I Í 
Type IHa l I 
Type IV l l 
Right hepatectomy 
Type Ila l I 
Right hepatectomy 
` + segment | 
Type Ha 1 i 


Ql ho us 
— 
pma 


the resection margins and all developed local recurrence. 
Thus, local excision of the lesion, without liver resection, 
achieved free resection margins and prevented local re- 
currence in type I lesions only. 

Local excision plus liver resection was performed in 
eight cases. Six patients (four type IIb, one type IIIa, one 
type IV) underwent a left hepatectomy plus excision of 
segment |. Three of these patients (two type IIIb, one type 
IV) had histologically negative resection margins and are 
free from recurrence. Two patients (both type Ifa) un- 
derwent right hepatectomy (one patient also had excision 
of segment 1). In each of these, the resection margins were 
histologically negative and neither developed local recur- 
rence. Thus, in eight patients with type III or IV lesions, 
in whom local excision of the lesion was accompanied by 
liver resection, only three developed local recurrence. 

Therefore, a potentially curative resection, with histo- 
logically negative resection margins and no evidence of 
recurrence to date, was achieved in eight cases using the 
following procedures: local excision for three type I lesions; 
left hepatectomy plus excision of segment | for two type 
IIb lesions and one type IV lesion; right hepatectomy 
and right hepatectomy plus excision of segment | for two 
type IIIa lesions. 


Discussion 


When analyzing our survival figures, it was important 
to assess patients according to the potentially curative na- 
ture of the resection. As expected, in patients in whom a 
macroscopic clearance of the tumor was not achieved 
(group A), there was no improvement in survival and all 
patients died, within 32 months, of progression of their 
disease. In cases where the tumor was completely excised 
macroscopically but where, on microscopic examination, 
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the resection margins were still found to be involved 
(group B), the survival and free-from-recurrence figures 
were superior to those for patients in group A. Moreover, 
when patients in whom the resection margins were clear 
(group C) were analyzed, the survival and free-from-re- 
currence figures were superior to those of the other two 
groups. Thus, these results suggest that by completely ex- 
cising the lesion it is possible to alter the natural history 
in terms of progression of the disease and long-term sur- 
vival. The difference between groups B and C, however, 
illustretes that to achieve a curative resection, removal of 
all tumor tissue, with free resection margins, must be ob- 
tained. This emphasizes the importance of extensive pre- 
operative and perioperative assessment so that resection 
is only performed when potentially curative and inappro- 
priate extensive resection is avoided (i.¢., to achieve a mi- 
croscoric curative resection rate equal to the overall re- 
section rate). 

The second aim of this study was to determine the exact 
type of surgical procedure needed in each particular case, 
to ensure a radical resection and thus a potential cure. 
This clearly relates to the controversy as to whether liver 
resection, and if so what type, should be added to local 
excision.**!0 

Local excision of the lesion was performed in eight cases 
with local spread of the tumor only. Five of these patients 
developed local or distant recurrent disease. The only pa- 
tients who had negative resection margins and were free 
from recurrence after local excision were those with type 
I lesions, in other words, confined to the bile duct conflu- 
ence but not involving the superior aspect. Thus, it seems 
that loca: excision without hepatic resection is sufficient 
for type I lesions only. 

In two type II cases, in which local excision was per- 
formed, toth had involvement of the resection margins 
(one microscopic; one macroscopic) and both developed 
early recurrent disease. In type II cases, there is no com- 
municaticn between the right and left duct systems on 
the cholargiogram, and the superior aspect of the biliary 
confluence is involved. In this situation, the biliary ducts 
draining tie caudate lobe (segment 1) are almost inevi- 
tably invoived by tumor,”! and for these lesions local ex- 
cision of tae tumor probably always will need to be ac- 
companiec by resection of the caudate lobe. For some 
large type II lesions, tumor extension may involve the 
parenchyma of segment 4, and resection of segment 4 
also may b2 necessary. 

When tke lesion involves the superior aspect of the 
biliary confluence and extends into one of the main he- 
patic ducts (type HIa or IIIb), a radical tumor clearance 
can not be achieved by local excision because there in- 
evitably will be ductal involvement of the caudate lobe 
and the seccndary bile ducts on the involved side.”! Three 
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of our patients with type III lesions who were treated by 
local excision had residual disease, and all developed re- 
currence. In contrast, in four of the seven patients with 
type III lesions, who underwent local excision plus hep- 
atectomy, free resection margins and no evidence of re- 
currence were achieved. Thus, it seems that for type HI 
lesions, treatment should consist of local excision and re- 
section of the caudate lobe plus resection of the hepatic 
segments drained by the involved duct; in other words, a 
right hepatectomy for type IIa lesions and a left hepa- 
tectomy for type IIb lesions. For some large type Ma 
lesions, with tumor extension involving the parenchyma 
of segment 4, resection of segment 4 also may be necessary 
(one case in our series). 

In these patients, the feasibility of extensive liver re- 
section depends on the remaining volume of functioning 
hepatic parenchyma and, in particular, an extended right 
hepatectomy for a type IIIa lesion may not leave sufficient 
functioning parenchyma. In some cases, however, tumor 
extension with involvement of the major branch of the 
hepatic artery or portal vein may result in unilateral liver 
atrophy, with corresponding hypertrophy of the other 
hemiliver, thus making a major liver resection possible. 
In some cases, with deteriorating preoperative liver func- 
tion or sepsis, preoperative percutaneous transhepatic bil- 
lary drainage may be indicated to improve hepatocellular 
function and reduce the risk of liver failure in the im- 
mediate postoperative period. Although prospective stud- 
ies of this technique in patients with obstructive jaundice 
from various causes have failed to demonstrate any sig- 
nificant overall benefit, Nimura et al.?! advocate its 
use routinely before liver resection in patients with hilar 
cholangiocarcinoma, and we have found it useful in cer- 
tain selected cases. There may be some type III cases 
without hypertrophy of the uninvolved hemiliver, how- 
ever, in which, despite optimal preoperative drainage and 
preparation, resection would be associated with a very 
high risk of postoperative liver failure. In these cases, liver 
transplantation may be indicated. 

When the tumor has extended to involve the secondary 
bile ducts or hepatic parenchyma bilaterally, or the main 
trunk of the hepatic artery or portal vein (type IV), re- 
section techniques almost always fail to achieve a radical 
excision of all tumor tissue, although in one of our patients 
with a type IV lesion, which involved principally the left 
side, histologically free resection margins were obtained. 
She has survived more than 3 years, free from recurrence, 
after excision of the tumor plus a left hepatectomy and 
excision of the caudate lobe. For type IV lesions, hepa- 
tectomy and liver transplantation may be indicated. This 
offers the only chance of complete tumor removal and 
potential cure in these cases, although results have gen- 
erally been poor, with a high incidence of tumor recur- 
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rence.” One of our three patients treated by transplan- 
tation developed recurrence in the hepatic pedicle, 8 
months after transplantation. Results from Pichlmavyr et 
al.!? are more encouraging, particularly for patients treated 
in recent years. 

We believe from our results that it is justifiable to con- 
clude that long-term survival can be achieved in selected 
cases of hilar cholangiocarcinoma by adopting a policy 
of tumor excision, with liver resection if required, to obtain 
tumor-free resection margins. Consequently, based on our 
findings and anatomic considerations of the hepatic hilus, 
we now perform local excision for type I; local excision 
plus resection of segment 1 for type Il; local excision, 
resection of segment 1, and right or left hepatectomy for 
types Ia and IIIb and hepatectomy plus liver transplan- 
tation for type IV lesions. We believe that this formalized 
type of approach provides the best chance of achieving a 
curative resection and providing improved long-term re- 
sults. The very low morbidity and mortality rates that 
may be achieved with these procedures also justify the 
“attempt at cure” and counters any arguments in favor 
of a minimal palliative approach. 
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The Surgical Spectrum of Hereditary Pancreatitis 
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The role of operative intervention for hereditary pancreatitis, a 
rare form of chronic parenchymal destruction, is unclear. To 
determine whether surgical therapy is safe and provides pro- 
longed symptomatic relief, the authors reviewed the management 
of 22 adults (11 men, 11 women) with hereditary pancreatitis 
treated surgically between 1950 and 1989. Hereditary pancre- 
atitis was defined as a family history of two or more relatives 
with pancreatitis and clinical, biochemical, or radiologic evidence 
of pancreatitis. The mean ages at onset of symptoms and at 
operation were 15 years (range, 3 to 52 years) and 31 years 
(range, 18 to 54 years), respectively. Pain was the primary in- 
dication for operation in all patients. Additional symptoms in- 
cluded nausea, vomiting (73%), weight loss (55%), and diarrhea 
(41%). Ductal dilatation was present in 68%, pancreatic paren- 
chymal calcifications in 73%, pseudocysts in 36%, and splenic 
vein thrombosis in 18%. Primary operations included ductal 
drainage in 10 patients, pancreatic resection alone in three, re- 
section with drainage in three, cholecystectomy plus sphinctero- 
plasty in two, cholecystectomy with or without common bile duct 
exploration in two, pancreatic abscess drainage in one, and pseu- 
docyst drainage in one. There were no perioperative deaths, and 
the morbidity rate was 14% (intra-abdominal abscess, wound 
infection, and urinary tract infection). Symptoms recurred in nine 
patients. Severity prompted reoperation in five. Secondary op- 
erations included pancreatic resection in three, pseudocyst ex- 
cision in one, and pancreaticolithotemy in one. Follow-up to date 
is complete and extends for a median of 85 months. Eighteen 
patients (82%) are clinically improved or asymptomatic. Symp- 
toms have persisted in four patients, and two patients have died 
of pancreatic carcinoma. Two patients died of unrelated causes. 
Surgical therapy for patients with hereditary pancreatitis selected 
on the basis of the traditional indications for surgical treatment 
of chronic pancreatitis is safe and efficacious. 


EREDITARY PANCREATITIS, ALSO termed fa- 
milial pancreatitis, is a rare form of chronic 
progressive pancreatic inflammation and pa- 
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renchymal destruction associated with a variable clinical 
course. This entity, first described in 1952,' is inherited 
as a non~sex-linked autosomal dominant trait with in- 
complete penetration. Most previous reports have detailed 
the clinical features of this disease.” !! Few articles have 
focused on the role of operative intervention in the treat- 
ment and prevention of future complications arising from 
hereditary pancreatitis.!2!* Although the indications for 
surgical treatment of patients with chronic pancreatitis 
related to other causes have been widely discussed and 
generally accepted, the indications for operative interven- 
tion in hereditary pancreatitis have not been defined 
clearly, especially with regard to efficacy in the permanent 
relief of chronic abdominal pain, or in the prevention of 
pancreatic malignancy, or in relief of recurrent exacer- 
bations of acute pancreatitis. 

Previous reports of surgical treatment of hereditary 
pancreatitis have been largely anecdotal because of the 
infrequent occurrence and limited clinical experience with 
this disease. The aim of this study was to review the broad 
experience at one institution with the surgical spectrum 
of hereditary pancreatitis in adults to assess immediate 
and long-term results of operative therapy. 


Methods 


The medical records of all patients evaluated from 1950 
to 1990 with documented hereditary pancreatitis were re- 
viewed. Hereditary pancreatitis was defined as biochem- 
ical or radiographic evidence of acute and recurrent, or 
chronic pancreatic inflammation and a family history of 
two or more relatives with documented pancreatitis. 
Eighty individuals representing more than 20 kindreds 
were identified; adults (aged >18 years) who underwent 
surgical intervention at Mayo Medical Center were se- 
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lected for inclusion in this review. Medical records were 
analyzed with reference to age of onset of symptoms, age 
of operative intervention, spectrum of clinical presenta- 
tion, preoperative management, and diagnostic evalua- 
tion. Operative therapy was categorized according to sur- 
gical procedure, pathologic review, perioperative morbid- 
ity, and long-term clinical results. Follow-up information 
to date (median, 85 months; range, 8 to 474 months) was 
obtained by telephone interview, return evaluation, or by 
written correspondence. 


Results 
Patient Population 


Twenty-two patients (11 men, 11 women) were treated 
by surgical intervention at an average age of 31 years 
(range, 18 to 54 years). The average age of onset of symp- 
toms was 15 years (range, 3 to 52 years). The indications 
for operation are shown in Table 1. All but one patient 
were taking narcotics for chronic persistent or episodic 
recurrent abdominal pain; one patient had undergone ce- 
liac plexus blockade. Most patients also had experienced 
repeated clinical episodes of acute pancreatitis. 


Preoperative Evaluation 


Hyperamylasemia was present in 55% of patients and 
usually correlated with concurrent acute pancreatitis. 
Pancreatic exocrine and endocrine insufficiency were 
present in 11 and three patients, respectively. 

Objective radiographic imaging was performed in 19 
patients and included computed tomography (CT) in 10, 
ultrasonography in nine, and endoscopic retrograde cho- 
langiopancreatography (ERCP) in 13. The three patients 
who underwent only plain abdominal radiographs were 
managed before 1974 when the objective imaging tests 
became available. Pancreatic calcification was evident in 
16 patients (73%). Ductal dilatation was noted in 15 pa- 
tients (68%), concurrent ductal stones in 12 (55%), and 
pseudocysts in eight (36%). Of note was the presence of 
splenic vein thrombosis in four patients (18%). 


TABLE 1. Indications for Operative Treatment in 22 Patients With 
Hereditary Pancreatitis 


Indication No. of Patients 

Pain 227 

Chronic, persistent 10 

Episodic, intermittent li 

Acute l 
Nausea/vomiting 16 
Weight loss 12 
Diarrhea 9 


* Ail but the one patient with acute pain related to a pseudocyst re- 
quired intermittent or chronic narcotics. 
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TABLE 2. Initial Operative Treatment in 22 Patients With 
Hereditary Pancreatitis 


Treatment No. of Patients 
Pancrezticojejunostomy 13* 
Distal zancreatectomy 3 
Cholecystectomy with sphincteroplasty 4 

2 
Enteric drainage pseudocyst I 
Debridement/drainage of pancreatic abscess l 
Total 22 


* Three patients had concomitant distal pancreatectomy. 


Operative Treatment 


The initial operative approach, outlined in Table 2, 
involved primary pancreatic ductal drainage in 13, distal 
pancreatic resection in three, cholecystectomy in four, 
enteric drainage of a pseudocyst in one, and management 
of a pancreatic abscess in one. There were no hospital 
deaths. Significant complications occurred in two patients, 
including an intra-abdominal abscess and a pleural effu- 
sion in one each; both were managed by percutaneous 
drainage. One additional patient developed a wound in- 
fection. Median hospital stay was 13 days (range, 7 to 40 
days). 

Ducta: Dilatation. Fifteen patients had pancreatic duc- 
tal dilatation (mean, 1.1 cm) confirmed either at ERCP 
or intracperatively. A primary ductal drainage procedure 
(pancreaticojejunostomy) was performed in 11, two of 
whom had a concomitant distal pancreatectomy (Table 
3). Although seven have remained asymptomatic, symp- 
toms recurred in four, necessitating pancreatic resection 
in two (pancreatoduodenectomy, distal pancreatectomy), 
who have since remained asymptomatic. Primary pan- 


TABLE 3. Operative Procedure According to Status 
of the Pancreatic Duct 


Persistent Pain Relief 
Small 


Duct 
(7 patients) 


Ductal 
Dilatation 
(15 patients) 


Pancreaticoje unostomy 7/10* 
Distal pancreatectomy and proximal 
pancreaticojejunostomy 1/1 2/2t 
Distal pancreetectomy 2/2 0/1F 
Other 
Pseudocyst drainage 0/1} 
Cholecysteccomy 
Alone — 1/2 
With sphincteroplasty — 1/2 
Pancreatic drainage abscess {7/1 


* Two patieats subsequently required resection. 

+ The patient without relief of symptoms went on to completion (total) 
pancreatectom” without success. 

t Pseudocyst recurred requiring pancreatic resection. 
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creatic resection was successful in two patients (distal 
pancreatectomy in both). One patient with a pseudocyst 
was treated by cystoenteric drainage alone but had re- 
currence of both symptoms and the pseudocyst; he was 
treated successfully with distal pancreatic resection in- 
cluding the pseudocyst. The last patient presented with a 
pancreatic abscess that was managed by debridement and 
peripancreatic drainage. Although a dilated duct was noted 
on CT scan, ductal-enteric drainage was not performed, 
and he has done well. 

Nondilated Small Duct. Three of the seven patients 
without major ductal dilatation underwent distal pancre- 
atectomy. Symptoms recurred in one patient; despite 
completion (total) pancreatectomy, he remains symp- 
tomatic. The other four patients underwent cholecystec- 
tomy combined with sphincteroplasty in two for the pos- 
sibility of exacerbation of acute pancreatitis by gallstones, 
which were found in only one patient; symptoms persisted 
in two patients, one of whom was later found to have 
pancreatolithiasis and an unresectable pancreatic cancer. 


Long-term Results 


Follow-up was complete in all patients at a median of 
84 months (range, 8 to 474 months). Complete relief or 
definite, marked improvement in symptoms was main- 
tained in 18 patients (82%), five of whom, however, had 
required reoperation. Symptoms have progressed in four 
patients, two of whom require narcotics on an intermittent 
basis for recurrent abdominal pain. Three of these four 
patients with recurrent symptoms had experienced 
chronic persistent pain preoperatively. Seven patients were 
treated with celiac plexus blocks at some point during 
their course; only one described a significant long-term 
benefit. Exocrine insufficiency developed in two of the 11 
patients without steatorrhea at the time of initial presen- 
tation, and endocrine insufficiency developed in four of 
19 patients without glucose intolerance initially. Two pa- 
tients developed pancreatic adenocarcinoma, one of 
whom had a very strong family history of pancreatic can- 
cer in that both parents had died of the disease. 


Discussion 


Our study shows that selected patients with chronic 
pain related to complications of hereditary pancreatitis 
can benefit from operative management. Although this is 
a relatively small (22 patients) and retrospective study, it 
represents the largest, comprehensive surgical series in the 
literature and thereby allows our conclusions to be based 
on more than anecdotal experience. 

Although hereditary pancreatitis is known to be a dis- 
ease associated with progressive parenchymal destruction, 
the complications and symptoms that develop share many 
similarities with chronic pancreatitis of other origins.27!3 
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This form of pancreatic injury can present as a spectrum 
of recurrent episodes of acute pancreatitis, pseudocyst 
formation, pancreatic necrosis and abscess (although this 
is unusual), and chronic pancreatitis. In addition, patients 
with hereditary pancreatitis represent a spectrum of clin- 
ical presentations both in severity and in the complications 
that develop. Because of this varied clinical picture, our 
experience suggests that surgical evaluation should be as- 
sessed selectively in accordance with the criteria estab- 
lished for operative intervention in patients with pancre- 
atitis of other causes. 

Numerous series of the surgical treatment of chronic 
pancreatitis have generated a relative consensus among 
surgeons concerning the indications for operative treat- 
ment.'*"’ These indications include intractable chronic 
pain that interferes with lifestyle and work and local com- 
plications such as biliary or duodenal obstruction, symp- 
tomatic pseudocyst, pancreatic infection, and gastric var- 
iceal hemorrhage related to splenic vein thrombosis (si- 
nistral portal hypertension). Using these criteria for 
operative treatment in our group of patients with hered- 
itary pancreatitis, we achieved results very similar to those 
reported in the literature for chronic pancreatitis of other 
causes. 

The most controversial aspect of this entity involves 
operative intervention in patients with chronic pain. Sev- 
eral groups have argued against operative therapy solely 
to relieve pain,'®!? in view of the fact that chronic pain 
will eventually (over years) resolve or improve in most 
all patients.'® In contrast, we”? and others'*'> believe that 
operative therapy is warranted in selected individuals in 
whom the pain is intractable and chronically persistent, 
is nonresponsive to celiac plexus block,*! requires nar- 
cotics, and prevents a satisfactory lifestyle. Our patients 
with hereditary pancreatitis who underwent operative in- 
tervention primarily for pain were all taking narcotics and 
had failed all attempts at medical management. Although 
five patients (23%) required repeat operation for recurrent 
or persistent symptoms, we believe that our results justify 
this approach because 18 of 22 patients (82%) had per- 
sistent relief of incapacitating pain. Operative mortality 
rate was zero, and a significant morbidity rate was ac- 
ceptable (14%) without long-term sequelae. These data 
correlate well with our experience??? and that of 
others'*!° with operative therapy in patients with chronic 
pancreatitis of other causes. 

Our operative strategy in these patients with hereditary 
pancreatitis was generally dictated by the anatomy of the 
pancreatic duct. Most patients with dilated pancreatic 
ducts (=8 mm) were treated by ductal drainage procedures 
(occasionally including a distal pancreatectomy), with in- 
tent of preserving pancreatic parenchyma and thus en- 
docrine or exocrine function. With this operative ap- 
proach, seven of 11 patients have done well; these results 
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agree closely with previously published experience with 
nonhereditary chronic pancreatitis with long-term follow- 
up.'”!°° The seven patients with a “small” (nondilated) 
duct underwent several different operations. Three of these 
seven patients were treated by pancreatic resection, with 
good results in two patients. The third patient eventually 
underwent total pancreatectomy without relief of symp- 
toms. We” and others!’ have also found that, despite re- 
moval of all chronically inflamed pancreatic tissue, the 
pain syndrome often persists. This may be related to poor 
patient selection because of either the confounding se- 
quelae of chronic narcotic addiction or a poorly under- 
stood pain syndrome, possibly related to the perineural 
inflammation and proliferative neuropathy associated 
with chronic pancreatitis.” Interestingly, three of four pa- 
tients who continue to have persistent pain postoperatively 
had persistent pain preoperatively, suggesting the indi- 
viduals without pain-free intervals may be expected to 
have a less successful outcome after operative treatment. 
Four other patients underwent a primary cholecystectomy 
with or without sphincteroplasty, in which stones were 
found in only one patient. We doubt, in retrospect, 
whether the cholecystectomies were therapeutic. 

It is noteworthy that none of our patients underwent 
proximal pancreatic resection as the surgeon’s primary 
operative choice, presumably because no patient was 
considered to have most of the disease process localized 
to the head of the pancreas. Current surgical trends have 


veered away from staged distal pancreatectomies (80% or’ 


95% resections) to proximal pancreatic resection, es- 
pecially when there is an inflammatory mass in the head 
of the gland,” hypothesizing that the “pacemaker” of 
the disease resides in the head of the gland.” Whether 
our patients would have benefitted by proximal pancre- 
atectomy remains speculative. Similarly, the role of pan- 
creatic denervation,” segmental autotransplantation,”? 
or autoislet cell transplantation? in this patient population 
is undefined. 

A potentially important consideration when planning 
pancreatic operative intervention in patients with hered- 
itary pancreatitis is the reputed increased incidence in the 
development of pancreatic carcinoma. Several authors 
have claimed this incidence to be as great as 20%.7:1!:12:3! 
Two of our twenty-two patients (9%) have developed 
pancreatic adenocarcinoma, one of whom was the daugh- 
ter of parents who both died of pancreatic cancer. This 
unfortunate patient raises the question of whether an in- 
creased risk of malignant transformation justifies the acute 
and long-term morbidity and mortality rates of total pan- 
createctomy. Although this question remains unanswered, 
total pancreatectomy should be strongly entertained in 
the select group of patients with a clear family history. 

Admittedly, our study did not address the overall fre- 
quency of patients with hereditary pancreatitis who were 
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selected for operative treatment. In this respect, our pa- 
tients represent a highly selected group. This experience 
does, ñowever, confirm the efficacy of operative treatment 
in this group. Future studies will be required to identify 
the full spectrum of patients with hereditary pancreatitis 
who may benefit from operative therapy. 

In summary, our approach and long-term results with 
the op2rative management of patients with surgical com- 
plications of hereditary pancreatitis agrees quite closely 
with <perative results in patients with nonhereditary 
chronic pancreatitis. One must be cautious in comparing 
these results with the results in patients with nonhereditary 
chronic pancreatitis, most often of primary alcoholic or- 
igin. This latter group tends to be older and systemically 
debilitated compared with patients with hereditary pan- 
creatitis.!*!8-2 Nevertheless, our results suggest that op- 
erative intervention in patients with surgical complications 
of herecitary pancreatitis can be based on the commonly 
accepted criteria used in patients with nonhereditary 
chronic pancreatitis. Because these patients tend to be 
younger and carry the burden of an increased risk of pan- 
creatic carcinoma, a more aggressive resective approach 
may be entertained in selected patients. 
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Existing models of acute pancreatitis have limitations to studying 
novel therapy. Whereas some produce mild self-limited pancre- 
atitis, others result in sudden necrotizing injury. The authors 
developed an improved model providing homogeneous moderately 
severe injury by superimposing secretory hyperstimulation on 
minimal intraductal bile acid exposure. Sprague-Dawley rats (n 
= 231) received low-pressure intraductal glycodeoxycholic acid 
(GDOC) at very low (5 or 10 mmol/L) concentrations followed 
by intravenous cerulein. Cerulein or GDOC alone caused only 
very mild inflammation. However, GDOC combined with cerulein 
was uniformly associated with more edema (p < 0.0005), acinar 
necrosis (p < 0.01), inflammation (p < 0.006), and hemorrhage 
(p < 0.01). Pancreatic injury was further increased and death 
was potentiated by increasing volume and duration of intraductal 
low-dose GDOC infusion. There was significant morphologic 
progression between 6 and 24 hours. The authors conclude that 
(1) combining minimal intraductal bile acid exposure with intra- 
venous hyperstimulation produces homogeneous pancreatitis of 
intermediate severity that can be modulated at will; (2) the injury 
is progressive over at least 24 hours with finite mortality rate; 
(3) the model provides superior opportunity to study innovative 
therapy. 


HE SPECTRUM OF human acute pancreatitis 
ranges from mild edematous disease that usually 
heals without intervention to severe hemorrhagic 
necrotizing inflammation that is often fatal. Whereas early 
death is caused by shock, most patients now survive this 
phase of the illness and succumb later to sepsis and mul- 
tiple organ failure.!* The extent of pancreatic and peri- 
pancreatic necrosis appears to be the principal determi- 
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nant of lethal septic complications.” Because tissue ne- 
crosis evolves over a period of days after the onset of the 
disease,© there may be a window of opportunity early in 
the evolution of pancreatitis when appropriate interven- 
tion could prevent or reduce further injury. Yet no therapy 
has proven clinically effective against the necrotizing pro- 
cess. 

Despite significant merits of existing models for elu- 
cidating the mechanisms involved in early cellular events 
and pathogenesis of acute pancreatitis, these models have 
not lent themselves to the development of effective new 
therapies. Further progress seems to be hampered by lim- 
itations of existing animal preparations. 

An ideal model of acute pancreatitis should be repro- 
ducible, resemble the morphology and time course of hu- 
man pancreatitis, and should be of a degree of severity 
such that a significant effect of treatment is easily de- 
monstrable. Previously used models, including cerulein 
hyperstimulation’ and traditional techniques employing 
infusion cf highly concentrated bile salts into the pan- 
creatic duct, suffer shortcomings of being either too mild 
or too catastrophic to be altered.*-'° Pancreatitis induced 
by ethionine-supplemented, choline-deficient (CDE) diet 
may mimic the pace of human disease,'! but also results 
in extreme injury, has a variable onset, and must be ap- 
plied in young female mice, whose small size causes con- 
siderable technical limitations for rescue efforts. 

Herein we characterize a method of producing acute 
pancreatitis in the rat that we believe overcomes the 
shortcomings of previous pancreatitis models. The com- 
bination of low-dose intraductal glycodeoxycholic acid 
(GDOC) and intravenous cerulein reproducibly causes an 
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evolving homogeneous injury with a moderate degree of 
acinar necrosis, resembling the morphology of human 
pancreatitis. This model appears to be superior for the 
study of innovative therapy aimed at preventing or lim- 
iting the necrotizing phase of pancreatitis. 


Materials and Methods 
Animals 


The 231 male Sprague-Dawley rats (350-450 g) used 
were housed individually in hanging wire-bottomed cages 
in rooms maintained at 21 + 1 C using a 12-hour dark 
cycle. The animals were given a standard rat chow and 
fasted overnight before the experiment with water allowed 
ad libitum. Care was provided in accordance with the 
procedures outlined in the “Guide for the Care and Use 
of Laboratory Animals,” (NIH Publication #85-23, 1985). 
The study was approved by the subcommittee on research 
animal care at our institution. 


Anesthesia and Catheter Placement 


Surgical anesthesia was induced with vaporized ether 
and maintained by an intraperitoneal injection of pen- 
tobarbital (20 mg/kg, Anthony Products, Arcadia, CA 
91006) and ketamine (40 mg/kg, Ketalar, Parke-Davis, 
Morris Plains, NJ 07950). One day before the experiment, 
the nght internal jugular vein was cannulated using soft 
polyethylene tubing (Silastic, inner diameter [ID] 0.02 
inches, Dow Corning, Midland, MI 48640). Another 
catheter (Intramedic, ID 0.023 inches, Clay Adams, Par- 
sippany, NJ 07054) was placed in the left carotid artery 
for blood sampling and pressure monitoring. Both cath- 
eters were tunneled subcutaneously to the suprascapular 
area and brought out through a flow-through tether, which 
permitted hemodynamic monitoring of the unrestrained 
conscious animal. 

The next morning, the animals were transferred to the 
laboratory and allowed to adapt to the new environment 
for 30 minutes with noise and visual stimuli kept to a 
minimum. The catheters were connected to pressure 
transducers (Spectramed, Oxnard, CA 93030), and base- 
line hemodynamic and laboratory measurements were 
taken. 


Induction of Pancreatitis 


The animals were given a short-acting anesthesia (pen- 
tobarbital 10 mg/kg, ketamine 50 mg/kg), and the ab- 
domen was opened by a midline incision. The duodenum 
and the common bile duct were identified, and the duo- 
denal wall was punctured at its antimesenteric aspect with 
a 24-gauge Teflon catheter (Critikon, Tampa, FL 33630). 
The catheter was advanced into the common biliopan- 
creatic duct for 5 mm (there is no main pancreatic duct 
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in the rat) through the papilla of Vater. A fine 6-0 prolene 
suture was placed around the cannula at the duodenal 
wall to prevent backflow. Special attention was focused 
on atraumatic surgical technique. Perforation of the duct 
during cannulation and intrapancreatic hemorrhage dur- 
ing surgical manipulations were absolute criteria for ex- 
clusion (n = 18). The upper portion of the animal was 
then elevated 60 degrees for 5 minutes (with the duct can- 
nula in place) to allow the duct system to empty of bile 
and pancreatic juice (drained volume, 0.05 to 0.15 mL). 
During the last 2 minutes of this procedure, the main 
hepatic duct was clamped just below the liver to facilitate 
complete drainage of pancreatic secretions. This clamp 
remained in place throughout the intraductal infusion to 
prevent misdirected flow into the biliary system. 

The animals were randomly allocated to 12 groups (n 
> 12) (Table 1). Freshly prepared glycodeoxycholic acid 
(GDOC, Sigma, St. Louis, MO 63178, #G-3258) in gly- 
cylglycine-NaOH-—buffered solution (pH 8.0, room tem- 
perature) at low (5 or 10 mmol/L) or high (34 mmol/L) 
concentrations then was infused over the assigned period 
in groups 2 through 3 and 5 through 12 at a pressure of 
30 mmHg controlled by mercury manometer with the 
volume controlled by means of an interposed scaled glass 
tube. In saline controls (group 1) and cerulein controls 
(group 4), isotonic saline was infused intraductally instead 
of GDOC. The infusion was considered successful only 
if 0.1 to 0.15, 0.2 to 0.25, or 0.5 to 0.55 mL of the cor- 
responding solution entered the common biliopancreatic 


TABLE |. Control and Experimental Regimens 


Intravenous Intraductal ID Volume Observation 

Group Infusion Infusion ID Duration Period 

I Saline Saline 0.1-0.15 mL 6 hr 
1.5 min 

2 Saline GDOC 0.1-0.15 mL 6 hr 
5 mmol/L 1.5 min 

3 Saline GDOC 0.1-0.15 mL 6 hr 
10 mmol/L 1.5 min 

4 Cerulein Saline 0.1-0.15 mL 6 hr 
5 we/ke/hr 1.5 min 

5 Cerulein GDOC 0.1-0.15 mL 6 hr 
5 ug/kg/hr 5 mmol/L 1.5 min 

6 Cerulein GDOC 0.1-0.15 mL 6 br 
5 ve/ke/hr 10 mmol/L 1.5 min 

7 Saline GDOC 0.1-0.15 mL 6 hr 
34 mmol/L 1.5 min 

8 Cerulein GDOC 0.2-0.25 mL 6 hr 
5 ug/kg/hr 10 mmol/L 2.5 min 

9 Cerulein GDOC 0.5-0.55 mL 6 hr 
5 ug/kg/hr 10mmo/L 10 min 

10 Cerulein GDOC 0.1-0.15 mL 24 br 
5 ug/kg/hr 10 mmol/L 1.5 min 

li Cerulein GDOC 0.2-0.25 mL 24 hr 
5 pe/ke/hr 10 mmol/L 2.5 min 

12 Cerulein GDOC 0.5-0.55 mL 24 hr 
5 ug/kg/hr 10 mmol/L 10 min 


ID, intraductal; GDOC, glycodeoxycholic acid. 
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duct (Table |). If the infusion volume was reached faster 
than the predetermined infusion time, the infusion was 
stopped when the required volume had entered the duct, 
but the infusion system remained in place to allow intra- 
ductal exposure to the infusate for the designated time. 
This technique ensured standardized volume and time 
exposure to the infusate. Animals in which the biliopan- 
creatic duct did not accept the required amount of fluid 
at 30 mmHg (equivalent to 40 cmH,0) within the des- 
ignated time limit were excluded from further study (n 
= 13). The catheter was removed and the duodenal wall 
was closed with a 6-0 prolene suture and the abdomen 
with 4-0 nylon. The animals then were placed back in 
cages with minimal environmental stimuli.!? Animals in 
groups 4 through 6 and 8 through 12 received a continuous 
intravenous infusion of cerulein at 5 ug/kg/hour (Far- 
mitalia, Carlo Erba GmbH, 7800 Freiburg, Federal Re- 
public of Germany) for 6 hours. Cerulein was reconsti- 
tuted in normal saline such that the volume infused was 
i mL/hour. In saline controls (group 1), low-dose GDOC 
controls (groups 2 and 3), and high-dose GDOC group 7, 
the same volume of isotonic saline was used instead of 
cerulein. The combination of intraductal GDOC (10 
mmol/L) and intravenous cerulein used 1n group 6 then 
was. studied: further with modifications of intraductal in- 
fusion volume and duration (modulation groups 8 and 
9) and time of death after 24 hours (progression groups 
10 through 12.). 


Monitoring (Groups 1 Through 7) 


Mean arterial blood pressure as well as central venous 
pressure and heart rate were continuously monitored 
(Becton-Dickinson, Electrodyne, Sharon, MA 02067). 
Hematocrit, arterial blood gases, serum amylase, and 
blood electrolytes (sodium, chloride, ionized calcium, and 
potassium) as well as glucose were measured at baseline 
and 6 hours after the induction of pancreatitis. Blood 
gases, electrolytes, and glucose were measured using a 
STAT PRO 5 analyzer (NOVA Biomedical, Waltham, 
MA 02254). Osmolality, base excess, and bicarbonate 
concentration were calculated from the measured vari- 
ables using the formulas described by the National Com- 
mittee for Clinical Laboratory Standards (NCCLS)'? and 
Tietz.!4 Serum amylase activity was determined using the 
colorimetric technique described by Bernfeld'? and War- 
shaw.'® 


Histopathologic Analysis 


The animals were killed by a lethal dose of pentobarbital 
(200 mg/kg intravenously [I.V.]) at the designated end 
points (6 and 24 hours) and rapidly bled through the in- 
dwelling arterial line. The entire pancreas was immediately 
removed and fixed in 10% formalin in anatomic orien- 
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tation for histologic analysis. After dividing the organ into 
a ducdenal and splenic part and embedding each in par- 
affin, one longitudinal section through each of the two 
parts was stained with hematoxylin and eosin. The total 
surface of the slides was scored by two blinded pathologists 
with expertise in pancreatic pathology (CC, KL) for six 
different variables determining severity of injury. The first 
30 animals of the study were scored by both investigators. 
There was never more than 0.5 score point deviation in 
their judgment. Subsequent analysis therefore was per- 
formed by either pathologist 1 or 2. To detect small in- 


TABLE 2. Histopathologic Scoring Criteria (2 slides/animal) 


Edema 
QO Atsent 
0.5 Focal expansion of interlobar septae 
! Dytuse expansion of interlobar septae 
1.5 Same as | + focal expansion of interlobular septae 
2 Same as 1 + diffuse expansion of interlobular septae 
2.5 Same as 2 + focal expansion of imteracinar septae 
3 Same as 2 + diffuse expansion of interacinar septae 
3.5 Same as 3 + focal expansion of intercellular spaces 
4. Same as 3 + diffuse expansion of intercellular spaces 
Acinar n2crosis 
Q absent 
0.5 Focal occurrence of 1-4 necrotic cells/HPF 
1 Diffuse occurrence of 1-4 necrotic cells/HPF 
1.5 Same as 1 + focal occurrence of 5-10 necrotic cells/HPF 
2 Diffuse occurrence of 5-10 necrotic cells/HPF 
2.5 Same as 2 + focal occurrence of 11-16 necrotic cells/HPF 
3 Diffuse occurrence of 11-16 necrotic cells/HPF (foci of 
confluent necrosis) 
3.5 Same as 3 + focal occurrence of >16 necrotic cells/HPF 
4 >16 necrotic cells/HPF (Extensive confluent necrosis) 
Hemorrhage and fat necrotis 
0 Absent 
0.5 1 focas 
i 2 foc 
1.5 3 foci 
2 4 foct 
2.5 5 foci 
3 6 foci 
3.5 7 foci 
4 = 8 fect 
Inflammaticn and perivascular infiltrate 
0 0-1 intralobular or perivascular leukocytes/ HPF 
0.5 2-5 intralobular or perivascular leukocytes/ HPF 
1 6-10 intralobular or perivascular leukocytes/ HPF 
1.5 11-15 intralobular or perivascular leukocytes/ HPF 
2 16-20 intralobular or perivascular leukocytes/ HPF 
2.5 21-25 intralobular or perivascular leukocytes/ HPF 
3 26-30 intralobular or perivascular leukocytes/ HPF 
3.5 >30 leukocytes/HPF or focal microabscesses 
4 >35 leukocytes/HPF or confluent microabscesses 





All data are presented as mean + SEM. Continuous variables (MAP, 
etc.) were aralyzed using the Kruskal and Wallis analysis of variance 
between grouns (Proc NPAR! WAY, SAS Software, Cary, NC 27512). 
Because dynamic changes rather than absolute values are of interest, the 
analysis of al continuous variables was performed by calculating the 
difference between each time point and the baseline measurement. Cat- 
egoric variables (histopathologic scores) were analyzed with the modified 
analysis of variance for discrete data (Proc CATMOD, SAS Software). 
A probability zf type 1 experimental error <5% (p < 0.05) was considered 
acceptable for statistical significance. 

HPF, high-power field. 
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crements in histopathologic severity, the standardized 
scoring system shown in Table 2 was applied. 


Results 
Initial Studies 


Central Hemodynamics (Groups 1 Through 7). Within 
the 6-hour observation period, mean arterial pressure re- 
mained stable in all groups except high-dose GDOC group 
7, which had significantly lower values than cerulein con- 
trols (4) and combination groups 5 and 6 (cerulein/GDOC 
5 or 10 mmol/L) at 5 and 6 hours. Central venous pressure 
was constant in all groups. A pronounced increase in heart 
rate was found in combination group 6 (cerulein/GDOC 
10) with significantly higher values at 6 hours than in 
saline controls (group 1) (p < 0.04) and cerulein controls 
(group 4) (p < 0.01) (Fig. 1). This tachycardia with con- 
stant central venous and mean arterial pressure is consis- 
tent with moderate hypovolemia in combination group 
6 (cerulein/GDOC 10). 

Gas Exchange (Groups I Through 7). Arterial oxygen- 
ation (PaO,) showed an increase in combination group 6 
(cerulein/GDOC 10) with higher values than all other 
groups (p = 0.01 to 0.04) (Fig. 1). Arterial carbon dioxide 
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partial pressure (PaCO,) decreased to an average of 32 
mmHg in combination group 6, and was significantly 
lower than all other groups with the exception of low- 
dose GDOC control group 3 (10 mmol/L) and high-dose 
GDOC group 7 (p = 0.01 to 0.04) (Fig. 1). This finding 
in the presence of increased pH and unchanged base excess 
can be characterized as result of hyperventilation in com- 
bination group 6 (cerulein/GDOC 10). 

Laboratory Parameters (Groups 1 Through 7). Serum 
amylase levels remained unchanged in saline controls and 
low-dose GDOC controls 2-3 (5 or 10 mmol/L). Highly 
significant increases were found in the groups receiving 
cerulein (groups 4 through 6) when compared with both 
low-dose GDOC controls (groups 2 and 3) and high-dose 
GDOC (group 7) (p = 0.0001 to 0.004). Ionized calcium 
levels decreased only in combination group 6 (cerulein/ 
GDOC 10) and were lower than in low-dose GDOC con- 
trol group 3 (10 mmol/L, p < 0.007) and cerulein controls 
4 (p < 0.04) (Fig. 1). The hematocrit in combination group 
6 (cerulein/GDOC 10) was significantly higher than in 
saline controls (p < 0.02), and low-dose GDOC control 
groups 2 (5 mmol/L, p < 0.007) and 3 (10 mmol/L, p 
< 0.002) (Fig. 1). Blood leukocyte counts increased in 
combination groups 5 and 6 (cerulein/GDOC 5 or 10 
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Fic. 1. Hemodynamic and laboratory parameters that showed significant differences between groups. Asterisks indicate significant differences between 
combination group 6 (cerulein/GDOC 10) and low-dose GDOC control groups 2 and 3 (5 or 10 mmol/L) (*) or cerulein control group 4 (**). All 
intraductal infusions of saline or GDOC were at a low pressure of 30 mmHg (40 cm H20) and a volume of 0.1 to 0.15 mL over 1.5 min. 
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mmol/L) (Fig. 1). Serum sodium, chloride, potassium, 
and glucose concentrations as well as osmolality remained 
unchanged during the experiments. These results indicate 
increased hyperamylasemia, hypocalcemia, hemocon- 
centration, and leukocytosis in combination group 6 (ce- 
rulein/GDOC 10) compared with saline, cerulein, and 
low-dose GDOC controls. 


Histopathology 


Saline Controls. The achieved increments in histo- 
pathologic scores are depicted in Figure 2. All pancreatitis 
groups had significantly higher mean inflammatory scores 
for all variables than did saline controls (p = 0.0001 to 
0.04). Apart from minimal focal edema, saline controls 
showed entirely normal acinar architecture (Figure 3). 

Cerulein or Low-dose GDOC Alone. Low-dose GDOC 
control groups 2 and 3 (5 or 10 mmol/L) demonstrated 
only mild edema, little acinar necrosis and inflammation 
(Fig. 4), occasionally associated with some foci of hem- 
orrhage and fat necrosis. The main histopathologic finding 
in cerulein controls (group 4) was moderate edema and 
occasional single-cell necrosis with only few leukocytes, 
frequently with moderate fat necrosis, but no hemorrhage. 
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Cerulein Combined With Low-dose GDOC. A stepwise 


_ increese in mean scores across groups was found in low- 


dose GDOC controls (groups 2 and 3), cerulein controls 
(group 4), and in the combination groups 5 and 6 (ceru- 
lein/GDOC 5 or 10 mmol/L), with significant differences 
betwe2n low-dose GDOC controls (groups 2 and 3) and 
cerulein controls (group 4) compared with combination 
group 6 (cerulein/GDOC 10) for the key variables deter- 
mininz inflammatory severity (edema p < 0.0005, acinar 
necrosis p < 0.01, inflammation p < 0.006). Intrapan- 
creatic hemorrhage and perivascular inflammation also 
were increased significantly in combination group 6 (ce- 
ruleinf?GDOC 10) compared with cerulein controls (group 
4) (p < 0.01, p < 0.0001). In combination group 6 (ceru- 
lein/GDOC 10), the histopathologic appearance of pro- 
nounced edema, marked interstitial leukocyte infiltration, 
intrapencreatic hemorrhage (Fig. 5), and fat necrosis was 
similar to the histopathology of moderately severe human 
pancreatitis. Most importantly, moderate scores for acinar 
necrosis were constant findings on/y in combination 
groups 5 and 6 (cerulein/GDOC 5 or 10 mmol/L) with 
homogeneous distribution (Figure 6). 

High-dose GDOC Alone. In contrast to combination 
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: FIG. 2. Histopathologic findings at 6 hr. Asterisks indicate significantly higher values in combination group 6 (cerulein/GDOC 10) compared with 
. low-dose GDOC control groups 2 and 3 (5 or 10 mmol/L) (*) or cerulein control groups 4 (**). AI intraductal infusions were at a pressure of 30 


mmHg (40 cm H-0) and a volume of 0.1 to 0.15 mL over 1.5 min. Note the stepwise increase in mean scores for edema, acinar necrosis, and 
inflammation. 
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FIG. 4. Mild low-dose glycodeoxycholic acid-induced pancreatitis (10 mmol/L, group 3). Histopathologic features include mild edema, minimal 
necrosis, and inflammatory infiltration (H & E, X80). 
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FIG. 5. Moderately severe pancreatitis after combined induction with intravenous cerulein and low pressure- (30 mmHg), volume- (0.1-0.15 mL), 
and time-controlled (1.5 min) intraductal glycodeoxycholic acid infusion at 10 mmol/L (6). Moderate to severe edema. substantial inflammatory 
infiltrate, and moderate hemorrhage as well as significant cell necrosis are the principal features (H & E, X80). 





FIG. 6. High-power field of pancreatitis in a rat 
receiving the combination of intravenous cer- 
ulein and low pressure- (30 mmHg), volume- 
(0.1-0.15 mL), and time-controlled (1.5 min) 
intraductal glycodeoxycholic acid infusion at 
10 mmol/L (group 6). At 6 hr there is a con- 
sistent finding of single cell necrosis with ho- 
mogeneous distribution of the lesions (H & E, 
X313). The arrows indicate necrotic acinar cells 
with a pyknotic nucleus in the center, partial 
karyorhexis, and a bright border due to cyto- 
plasmatic shrinkage and cell degeneration. 
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group 6 (cerulein/GDOC 10), high-dose GDOC group 7 
(34 mmol/L) caused severe pancreatitis. Acinar necrosis 
was catastrophic and involved entire lobules, with ex- 
tremely patchy distribution. Intense granulocyte infiltra- 
tion was uniformly present (Fig. 7) and frequently ac- 
companied by widespread hemorrhage. 

Histopathologic Homogeneity. The mean differences 
between the scores for each variable in the duodenal and 
the splenic portion of the pancreas are depicted in Figure 
8. In addition to the extremely focal panlobular necrosis 
in the high-dose GDOC group (7), the injury was virtually 
confined to the head of the pancreas, whereas the splenic 
portion was unaffected. This is reflected by distinctly 
higher mean differences between duodenal and splenic 
scores for each variable. In contrast, homogeneity of injury 
in combination group 6 (cerulein‘/GDOC 10) was dem- 
onstrated by significantly lower head/tail differences than 
that of all other pancreatitis groups except cerulein con- 
trols (4) and combination group 5 (cerulein/GDOC 5) for 
edema (p = 0.0001 to 0.05), acinar necrosis (p = 0.0001 
to 0.03), and inflammation (p = 0.0007 to 0.02). These 
results demonstrate that using the combination of intra- 
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venous cerulein and intraductal low-dose GDOC affects 
the duodenal and splenic portion of the pancreas equally. 


Further Studies 


Modulating Histopathologic Severity. The ability to 
adjust the severity of pancreatic inflammation offers po- 
tential advantages for the study of its therapy. We therefore 
evaluated the effect of prolonging the duration and in- 
creasing the volume of intraductal infusion of low-dose 
GDOC at 10 mmol/L in combination with intravenous 
cerulein (modulation groups 8 and 9). The results are de- 
picted in Figure 9. The inflammatory severity after 6 hours 
was significantly increased when the intraductal infusion 
was lengthened from 1.5 to 2.5 or 10 minutes and the 
infused volume was increased from 0.1 to 0.15 mL to 0.2 
to 0.25 or 0.5 to 0.55 mL. Highly significant differences 
were found between combination group 6 (1.5 minutes/ 
0.1 to 0.15 mL) compared with modulation groups 8 (2.5 
minutes/0.2 to 0.25 mL) and 9 (10 minutes/0.5 to 0.55 
mL) for acinar necrosis (p < 0.006), inflammation (p 
< 0.001), hemorrhage (p < 0.0009) and perivascular in- 


f 


si aay 
oe 
L'a 









FIG. 7. Catastrophic pancreatitis 6 hr after intraductal high-dose (34 mmol/L, group 7) glycodeoxycholic acid infusion. There are numerous entirely 
Y destroyed lobules with extreme leukocytic infiltration and frequently widespread hemorrhage (not shown). The histopathologic aspect reflects the 
immediate cytolytic effect of bile acid at high concentrations (H & E, X80). 
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FIG. 8. Homogeneity of pancreatitis as reflected by the mean differences between scores for duodenal and splenic portions of the pancreas for the 
important histopathologic variables under investigation. Asterisks indicate significantly lower values in combination group 6 (cerulein/GDOC 10) 
compared with high-dose GDOC group 7 (34 mmol/L) (*) or low-dose GDOC control groups 2 and 3 (5 or 10 mmol/L) (**). All intraductal infusions 
were at a pressure of 30 mmHg (40 cmH,0) and a volume of 0.1 to 0.15 mL over 1.5 min. 


filtrate (p < 0.02). All histopathologic variables under in- 
vestigation were highly significantly elevated when com- 
paring combination group 6 and modulation group 9 
(p = 0.0001 to 0.006). 

24-Hour Mortality. To evaluate the mortality of the 
induced inflammation, we studied three additional groups 
(groups 10 through 12) employing identical induction 
techniques as in combination group 6 and modulation 
groups 8 and 9, but with prolonged observation for 24 
hours. When combining intravenous cerulein with intra- 
ductal low-dose GDOC over 1.5 minutes at a volume of 
0.10 to 0.15 mL in group 10, only one of 17 animals died 
(6%), compared with three of 15 animals (20%) in group 
11 when intraductal low-dose GDOC was given over 2.5 
minutes at a volume of 0.2 to 0.25 mL. Finally, five of 
12 animals (42%) died in group 12 when low-dose intra- 
ductal GDOC was infused over 10 minutes at a volume 
of 0.5 to 0.55 mL. These results represent a threefold and 
sixfold increase in mortality rate, respectively. The mor- 
tality rate differences correlate with the magnitude of the 
induction stimulus and reflect increasing histopathologic 
severity found in the three modulation groups. 


Time Course. The results of histopathologic analysis 
after 24 hours of the cumulative progression and the pro- 
gression of the individual variables are depicted in Figures 
10 and 11, respectively. A pronounced increase in his- 
topathologic scores was found, with significant differences 
between groups 6 (6 hours) and 10 (24 hours) for acinar 
necrosis (p < 0.02), inflammation (p < 0.0001), hemor- 
rhage (p < 0.005), fat necrosis (p < 0.0001), and perivas- 
cular inflammation (p < 0.0001). Significant progression 
between groups 8 (6 hours) and 11 (24 hours) also was 
present for acinar necrosis (p < 0.04), inflammation (p 
< 0.002), and fat necrosis (p < 0.0001). In group 12 (24 
hours), significant increases in severity of inflammation 
compared with group 9 (6 hours) were found for inflam- 
mation (p < 0.01) and fat necrosis (p < 0.04). These find- 
ings indicate a substantial increase of histopathologic se- 
verity in the interval from 6 to 24 hours after induction. 


Discussion 


Approximately 20,000 cases of acute pancreatitis occur 
annually in the United States and Britain.'”'® With the 
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FIG. 9. Modulation of inflammatory severity 6 hr after combined induction with intravenous cerulein and intraductal glycodeoxycholic acid (10 
mmol/L) infusion by prolongation of infusion time and increased volume. Asterisks indicate significant group differences compared with combination 
group 6 (1.5 min/0.1-0.15 mL) (*) or combination group 6 and modulation group 8 (2.5 min/0.2-0.25 mL) (**). 


disease involving severe necrotizing injury, mortality rates 
up to 40% may occur.’ Factors that influence the severity 
of an attack are largely unknown, but there may be a 
period early in the evolution of this disease that determines 
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FIG. 10. Cumulative histopathologic progression for acinar necrosis, in- 
flammation, hemorrhage, fat necrosis, and perivascular infiltrate 6 and 
24 hr after intraductal low-dose glycodeoxycholic acid and intravenous 
cerulein (group 6 ys. group 10). 


whether the reversible phase of pancreatitis converts to 
irreversible tissue injury and acinar necrosis. !? Therapeutic 
interventions can have the greatest impact on the fate of 
the patient before such a turning point. In this study, we 
sought to design a better model of pancreatitis suitable to 
investigate innovative therapy. The new model should 
produce pancreatic injury that is substantial enough to 
require therapy, but not so severe that initiated treatment 
is too little too late. Our results show that such a model 
can be readily produced by combining minimal intra- 
ductal bile acid exposure and supramaximal pancreatic 
stimulation. Its severity is progressive over time. can be 
easily modulated, and its morphology closely resembles 
that of human pancreatitis. 

Advantages of some previous experimental models (in- 
cluding the cerulein and CDE diet-induced pancreatitis) 
are that the pancreatitis can be induced by noninvasive 
techniques,” and that the inflammatory lesions in these 
models are homogeneously distributed. These animal 
preparations, however, either cause only minimal necrosis 
in the rat’ or else lead to severe necrotizing injury, which 
develops over a variable time range and can be produced 
only in young female mice.!’ Although these models have 
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Fic. 11. Comparison of individual histopathologic features at 6 and 24 hr. Asterisk (*) indicates significant difference between groups with identical 


induction regimens (group 6 ys. group 10). 


been helpful in exploring pathophysiologic aspects of acute 
pancreatitis, their suitability to investigate new therapeutic 
strategies is limited. Traditional invasive reflux models, 
however, cause rapid severe necrosis—against which there 
can be no protection—and heterogeneous injury indica- 
tive of nonphysiologic localized duct trauma.®!®?!?9 
Many investigators disregarded the need for control of 
infusion pressure as well as of volume and time of intra- 
ductal exposure, but instead have used uncontrolled 
manual injection or infusion at unphysiologic pressures 
as high as 600 mmHg, which produced severe baro- 
trauma.?*-* Moreover, as the various bile acids have very 
different toxicities in pancreatic tissue, it is essential to 
use only standardized bile acid solutions.” Finally, the 
concentration of the infused bile salt also greatly influences 
the homogeneity of the inflammatory lesions. Aho et al.®” 
suggested that the detergent effect of taurocholate at high 
concentrations immediately breaks down the integrity of 
the proximal biliopancreatic duct; bile salts leak into the 
local interstitium and fail to reach acinar cells at the pe- 
riphery of the duct system. This concept was confirmed 
in our study. The marked cytolytic effect of GDOC (34 
mmol/L) on the duct mucosa caused immediate, fre- 
quently macroscopically visible, obstruction by edema and 
diffuse hemorrhage in and around the ductal system in 
the head of the pancreas. The importance of this obser- 
vation is supported. histopathologically by the enormous 


head/tail difference for acinar necrosis (massive in the 
head, absent in the tail) and the other histopathologic 
variables when infusing GDOC at this concentration. High 
concentrations of bile acids, therefore, have limited suit- 
ability for the induction of experimental pancreatitis be- 
cause extensive acinar necrosis is too rapidly established 
and because the resulting lesions demonstrate substantial 
heterogeneity. 

An advantage of very low concentrations of GDOC (5 
or 10 mmol/L) is that they do not elicit this immediate 


detergent effect?’ and allow for the further dispersion of 


the infusate out to the periphery of the pancreas, but their 
disadvantage is that they produce only minimal morpho- 
logic evidence of pancreatitis with no death. Similarly, 
cerulein also results in only mild self-limited pancreatitis 
in the rat. We hypothesized that acinar cells previously 
exposed tc controlled intraductal infusion of low-dose bile 
salt might be more likely to be injured by supramaximal 
secretory stimulation. Our results show that the combi- 
nation of both agents produces pancreatitis exceeding that 
induced by either component alone and provides an ex- 
cellent model of intermediate severity. Similarly, Evander 
et al.” found that cerulein potentiated the gross macro- 
scopic manifestations of uncontrolled manual injections 
of sodium taurocholate in combination with active tryp- 
sin. Although supramaximal stimulation such as that 
produced by cerulein may not occur under physiologic 
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conditions, some cases of human pancreatitis have been 
attributed to the interaction of obstructed pancreatic out- 
flow and simultaneous hyperstimulation.”?”° 

Several alternative approaches to transform mild 
edematous pancreatitis into a more severe form have been 
described. Niederau et al.?! demonstrated that mild ceru- 
lein pancreatitis in mice can develop into a necrotizing 
form by repeated injections of supramaximal cerulein 
doses, but these findings were never confirmed for the rat, 
and more importantly, this form of pancreatitis bears no 
mortality rate. Yamaguchi et al.'* showed that intensive 
stress over several hours (water 1mmersion/23 C) can 
transform cerulein pancreatitis into hemorrhagic disease. 
In that study, however, the degree of acinar necrosis in 
the cerulein/stress group was not different from cerulein 
pancreatitis, and no deaths occurred. It is also not clear 
whether the development of pancreatic hemorrhage in 
this model was caused by hypothermia. Spormann et al.°*? 
demonstrated that variable ischemia periods (clamping 
of pancreas-supplying arteries) superimposed on pan- 
creatic duct ligation could produce more severe pancre- 
atitis, but because of individual variations in pancreatic 
blood supply and different ischemia tolerance, this model 
has a variable outcome. 

Aside from the fact that it produces pancreatitis of in- 
termediate severity with mortality rates between 6% and 
42% at 24 hours in the variations tested, the model herein 
described has several attractive features. First, as dem- 
onstrated by the small differences between the histopath- 
ologic scores of the duodenal and splenic portions, the 
pancreatitis produced is homogeneously distributed 
through the gland and is therefore easily and reliably 
scored for comparisons; second, the progression of his- 
topathologic injury over at least 24 hours makes the model 
particularly attractive for therapeutic studies; and third, 
the intensity of the initial intraductal irritation (time and 
volume of bile acid infusion) can be used to modulate the 
severity of pancreatitis as assessed by histopathology and 
mortality data. Neither cerulein nor GDOC at 5 or 10 
mmol/L by themselves were able to reproduce these fea- 
tures and did not cause more than mild inflammatory 
changes. Substantial cell necrosis was seen to an important 
degree only when cerulein and GDOC at 10 mmol/L were 
combined. The greater tachycardia, hyperventilation, he- 
moconcentration, leukocytosis, and hypocalcemia in the 
combination group compared with low-dose GDOC or 
cerulein alone provides physiologic confirmation of the 
histopathologic increase in severity of pancreatitis. 

In summary, we have developed and characterized a 
much improved model of acute pancreatitis using the 
combined action of very low concentrations of intraductal 
glycodeoxycholic acid and intravenous pancreatic secre- 
tory stimulation with cerulein. Its attractive features are 
a moderate rate of onset, homogeneous injury of inter- 
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mediate severity, the potential for modulating the severity, 
and the progression of pancreatic cell injury over at least 
24 hours. This model, therefore, appears particularly suit- 
able to study innovative treatment designed at limiting 
the extension of ongoing necrosis in acute experimental 
pancreatitis. 
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Long-term Results After Colectomy and Endorectal 
Ileal Pullthrough Procedure in Children 





Since 1987, 67 children with ulcerative colitis, 14 with colonic 
polyposis, and one with Hirschsprung’s disease have undergone 
colectomy and endorectal ileal pullthrough procedures (ERP). 
Seventy-six children had a lateral ileal reservoir and six had a 
straight pulithrough. Seventy-seven patients had a diverting il- 
eostomy for 4 months; five polyposis patients underwent ERP 
without ileostomy. Forty-three (52%) developed complications, 
including ileoanal stenosis with reservoir outlet obstruction (14), 
elongated ileal spout (2), elongated ileal reservoir > 15 cm (4), 
and a combination of outflow obstruction, reservoir enlargement 
causing stasis (14), and intestinal obstruction causing obstruction 
(10). Thirty-two children required reoperation. Sixty per cent of 
complications occurred in the first 30 patients. Only three of the 
last 40 patients had reoperation. There were no deaths. Four 
children (two with Crohn’s disease) returned to a permanent il- 
eostomy (4.9%); 10 had a temporary ileostomy. Five straight 
pullthroughs were converted to a reservoir because of stool fre- 
quency; 19 underwent reservoir reconstruction because of stasis. 
Seventy-five children (91.5%) are currently progressing very well. 
Features for optimal function include a short rectal muscle cuff, 
a short reservoir and spout, and aggressive correction of rectal 
strictures. The ERP is a desirable option to proctocolectomy and 


ileostomy for children with colitis or polyposis. 
D cosal proctectomy and endorectal ileal pull- 
through (ERP) has been used with increasing 
frequency for the definitive surgical treatment of ulcerative 
colitis (UC) that is refractory to medical therapy, and for 
patients with familial polyposis. This procedure cures the 
disease and obviates the unpleasant and cumbersome fea- 
tures of a permanent ileostomy and the morbidity of 
proctectomy. After the report by Martin and associates 
in 1977,! indicating a good outcome in 15 of 17 children 
with a straight ERP after colectomy and mucosal proc- 
tectomy, the procedure has been used extensively in chil- 
dren, but has undergone many modifications. The pro- 
cedure is now generally accepted as the most favorable 


URING THE PAST decade, colectomy with mu- 
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option for the surgical treatment of UC and familial pol- 
yposis in childhood.?> 

The ERP is a modification of the rectal mucosal strip- 
ping procedure described by Soave in 1965° for the treat- 
ment of Hirschsprung’s disease. Removal of the entire 
rectal mucosa down to the dentate line has been shown 
not to interfere appreciably with anorectal sphincter 
function or the ability to discriminate between gas and 
liquid or solid contents. The straight ERP without res- 
ervoir has been recommended for children by a few sur- 
geons.’ Long-term follow-up, however, has indicated that 
most of these patients experience persistent frequency and 
urgency, and in some cases incontinence, which interferes 
greatly with the performance of daily activities. The ma- 
jority of surgeons performing the endorectal ileal pull- 
through operations, therefore, have used an ileal reservoir 
above the ileonal anastomosis to reduce peristalsis in the 
distal ileum and to provide an area for fecal storage. Re- 
gardless of the type of reservoir technique performed, as 
long as the lower 4 cm of the rectal muscle is not damaged, 
the anal sphincter resting pressure and the anal sphincter 
squeeze pressure will be close to normal within 6 weeks. 

Children with chronic UC often present with many of 
the same signs and symptoms as adults, although fre- 
quently more acute and severe. Because of the metabolic 
demands of growth and maturation, children may suffer 
additional difficulties such as growth retardation, delayed 
puberty, psychosocial disturbances, and profound mal- 
nutrition. Because most reports concerned with the ERP . 
during the past several years have been concerned with 
adult patients, the present report was undertaken to sum- 
marize our clinical experience in the treatment of 82 chil- 
dren under 19 years of age with the ERP during a 14-year 
period. | 
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Materials and Methods 


During the period from 1977 through 1991, 67 children 
with UC, 14 with familial polyposis coli, and one with 
Hirschsprung’s disease underwent colectomy and the ERP 
at UCLA Medical Center. There were 44 girls and 38 
boys, ranging in age from 6 to 18 years (mean, 14.6 years). 
Six children were under the age of 10 years at the time of 
operation and 21 were between 10 and 14 years. During 
the same period, an additional 258 patients 19 years of 
age and older with UC or polyposis underwent colectomy 
and ERP. Seventy-six children had a lateral ileal reservoir 
(LR), and six had a straight pullthrough without reservoir. 

The duration of the colitis ranged from 3 months to 9 
years (mean, 3.6 years). One or more members of the 
immediate family constellation from 11 of the children 
with UC (16%) had UC or Crohn’s disease. Symptoms of 
UC were apparent before the age of 10 years in 12 patients 
(18%). For most children, the symptoms began insidiously 
with persistent diarrhea followed by the appearance of 
blood, mucus, and pus in the stools. Cramping lower ab- 
dominal pain, low-grade fever, and tenesmus were com- 
mon during flare-ups of the colitis. Anorexia, weight loss, 
lethargy, and growth retardation were present in most 
children who had persistently active disease for more than 
| year. Several children had a notable delay in bone age, 
and others showed delayed sexual maturation, with late 
onset of menses and breast development in females, and 
delayed growth of testes and genitalia in males. External 
hemorrhoids were present in 24 children, but anal sinuses 
or fissures were present in only four patients. 

Six children with UC had acute severe rectal bleeding, 
most within 6 months of the onset of the disease, which 
necessitated very urgent colectomy. Three children de- 
veloped an acute fulminating exacerbation of the colitis 
with abdominal cramps, severe diarrhea, and dehydration 
that was unresponsive to high-dose steroids and other 
medications, and necessitated emergency colectomy. 
Twenty children (30%) had received one or more blood 
transfusions before operation. 

Most of the children expressed feelings of frustration 
and progressive disinterest in participating in social and 
physical activities. More than half the children were ap- 
preciably behind in scholastic work and 14 had used home 
tutors on a long-term basis. 

Thirty-four children with UC (51%) had arthralgias in- 
volving knees, ankles, spine, or wrists, and several showed 
evidence of osteoporosis. Six patients had nephrolithiasis 
(9%). Several children had aphthous stomatitis, and a few 
had erythema nodosum or mild uveitis. 

Each of the 14 children with polyposis had the disease 
established during a screening study after another member 
of the immediate family was found to have diffuse colonic 
polyposis. One parent from seven of the children had car- 
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cinoma. Eleven of the children had another sibling with 
polyposis. Ten patients were asymptomatic, and four had 
occasional mild rectal bleeding or recurrent diarrhea. Two 
children had Gardner’s syndrome. 

At the time of operation, each of the 67 children with 
UC were receiving high-dose prednisone therapy. Nine- 
teen of the children had received 1mmunosuppressive 
therapy including 6-mercaptopurine, azathioprine, or cy- 
closporine. Eleven patients experienced severe growth re- 
tardation and were below the 15th percentile for height. 
Three children with protracted symptoms of UC extend- 
ing more than 4 years who had received extensive medical 
therapy were considered unsuitable for the ERP operation 
because of marked obesity related to steroid use combined 
with a history of multiple systemic infections, presumably 
related to immunosuppressive therapy. Eleven girls and 
two boys developed large broad permanent striae over the 
thighs, hips, abdomen, and chest within 6 weeks after ini- 
tiation of steroid therapy. Eighteen children had received 
one or more courses of total parenteral nutrition (TPN) 
and bowel rest before operation. 

All children with colitis had normal small bowel roent- 
genographic studies preoperatively, although the radio- 
graphic contrast enema showed abnormal features in all 
patients on whom it was performed. Eighteen of the chil- 
dren had pancolitis, and the remainder had disease in- 
volving the rectum and left and transverse colon. Stool 
cultures showed no pathogens in any of the children. Mu- 
cosal biopsy was performed on all patients with colitis at 
an early stage to establish the diagnosis and to exclude 
those patients with Crohn’s disease. Four children had an 
indeterminate type of colitis on mucosal biopsy, which 
subsequently proved to be Crohn’s disease in two patients 
more than | year after colectomy and ERP had been per- 
formed. 

Selection of children to undergo colectomy and ERP 
was made only after extensive medical therapy, and after 
the surgical options were discussed in detail with the pa- 
tient, parents, and pediatrician. Most children spoke to 
other patients of the same sex and similar age who had 
undergone the operation previously to alleviate fears and 
to add support to the decision for operation. Corticosteroid 
therapy was maintained to avoid an acute flare-up before 
operation. Cleansing enemas were avoided for the same 
reason. Oral antibiotics (neomycin and erythromycin) 
were given for 18 hours before operation, and intravenous 
antibiotics (gentamicin and Cleocin [Upjohn, Kalamazoo, 
MIJ) were initiated 4 hours preoperatively. 


Operative Technique 


In 1980, we reported our clinical experience with a lat- 
eral isoperistaltic ileal reservoir for patients with UC and 
polyposis®; this procedure has been modified during the 
ensuing years. The technique used for most children in 
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the present study entails dividing the ileum within 1 cm 
of the ileocecal valve and mobilizing the mesentery up to 
the origin of the superior mesenteric artery to provide 
suitable length for the ileum to reach the anus without 
tension. It is rare for UC in children to extend into the 
distal ileum. The colon with omentum is removed down 
to the pelvis. The peritoneal reflection is incised circum- 
ferentially, and the rectum is mobilized with cautery dis- 
section down to within 4 cm from the dentate line, where 
the full thickness of rectum is divided. The anus is dilated 
and a circumferential incision is made through the mucosa 
at the dentate line. The mucosa is elevated from the un- 
derlying muscularis with scissors and cautery, taking care 
to remove all mucosa. Thorough hemostasis is achieved. 

The ileum is transected approximately 12 cm from the 
end, preserving the vascular supply to the distal segment. 
The proximal ileum is advanced to a position adjacent 
to the distal segment, and a lateral isoperistaltic anasto- 
mosis is performed between the antimesenteric sides of 
each using the general intestinal anastomosis (GIA) 
stapling device (Fig. 1). The upper end of the reservoir 
is closed with staples; however, the lower end is. closed 
with a running inverting suture of 3-0 Maxon (Ethicon, 
Somerville, NJ). A second layer of interrupted absorbable 
suture is placed circumferentially around the entire 
reservoir anastomosis. A spout of less than 1 cm extends 
between the distal end of the reservoir and the open end 
of the ileum. The ileal reservoir is brought through the 
pelvis and rectal muscle canal such that the end of the 
ileum extends to the anus (Fig. 2). The ileal spout is su- 
tured to the anoderm and underlying muscularis circum- 
ferentially with interrupted absorbable stitches. The ileum 
is transected approximately 10 cm above the upper end 
of the ileal reservoir, and the proximal end of the divided 
ileum is fashioned into an end ileostomy stoma. The pelvis 
is drained transabdominally for 4 days. 

Intravenous steroids are tapered down rapidly after op- 
eration and oral prednisone is discontinued within 3 
weeks. Most children were discharged from the hospital 
by the seventh postoperative day. A Gastrografin (Squibb, 
Princeton, NJ) enema was performed within 3 months to 
assure that the ileal reservoir had healed securely without 
leaks or sinus tracts. Most children resumed full physical 
activities within 3 weeks. 

Each of the 67 children with UC, nine of those with 
polyposis, and the one with Hirschsprung’s disease had a 
protecting ileostomy for approximately 4 months. Five 
children with colonic polyposis had the entire ERP per- 
formed in one stage without protecting ileostomy. Eight 
of the children with UC had a previous colectomy, ile- 
ostomy, and Hartmann rectal pouch performed at another 
hospital. The 17-year-old boy with Hirschsprung’s disease 
had four previous pullthrough operations performed at 
other hospitals during previous years and had an ileostomy 
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Fic. 1. Distal ileum is divided approximately 12 cm from the end, pre- 
serving the blood supply. Antimesenteric borders are approximated, and 
a small incision is made in the lower segment | cm from the end. A long 
anastomosis is constructed with the GIA stapler. The upper end of the 
lower segment is stapled. The lower end of the reservoir is closed with 
a continuous inverting suture of Maxon, leaving a spout of ! cm or less. 


and modified rectal Hartmann pouch before the ERP 
procedure. i 

Approximately 4 months after the first operation, each 
child was rehospitálized for approximately 6 days for il- 
eostomy closure. Postoperatively, metronidazole was 
given for 6 to 8 weeks, and slight dietary modification 
was advised, minimizing only the intake of chocolate, 
vinegar, and spicy foods. Medications to reduce peristaltic 
activity and bulking agents were rarely necessary. The 
ileoanal anastomosis was stretched at the time of ileostomy 
closure and then dilated daily with a #19 Hegar’s dilator 
for 3 months. 


Results 


Each of the 67 children with colitis experienced marked 
clinical improvement after resection of the diseased colon 
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FiG. 2. The entire reservoir anastomosis is oversewn with a second layer 
of continuous or interrupted Maxon. Traction sutures on the ileal spout 
are drawn through the rectal muscle to the anus. The full thickness of 
the ileal spout is sutured to the anal mucosa and muscularis with inter- 
rupted 2-0 Vicryl (Ethicon). A completely diverting ileostomy is placed 
approximately 10 cm above the reservoir. 


and rectal mucosa. There have been no deaths in the peri- 
operative period or in long-term follow-up. The most 
common complication after the pullthrough procedure 
was lleoanal stenosis causing reservoir outlet obstruction, 
which occurred in 14 children (17%). Eight of these pa- 
tients were successfully treated by daily rectal dilatation; 
six required at least one dilatation under general anes- 
thesia. An elongated ileal spout of more than 2 cm length 
was believed to be the major cause of outflow obstruction 
in two children. A large ileal reservoir constructed at the 
initial operation (>15 cm) was implicated as the major 
cause of incomplete reservoir emptying and stasis in four. 
A combination of outflow obstruction and reservoir en- 
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largement were believed to have contributed to stasis with 
chroric reservoir inflammation in 14 children. Intestinal 
adhesions, internal hernias, or intussusception occurred 
in 10 children. Wound infections were present in seven 
children. Ileostomy obstruction after the first operation 
occurred in four children. Three children developed peri- 
pullthrough sinus tracts originating at the ileoanal anas- 
tomosis., Forty-three children (52%) experienced compli- 
cations, with 11 having more than one. 

Twenty-seven of the seventy-six children with a lateral 
reservoir and five of the six patients with a straight pull- 
through procedure required subsequent reoperation 
(39%). Twenty-two children required a subsequent op- 
eration within 2 years after closure of the ileostomy (27%), 
and iC additional children required reoperation more than 
2 years after the original procedure (12%). Eleven children 
underwent two or more reoperations. It is noteworthy 
that 60% of the complications requiring operation oc- 
curred in the first 30 patients. Only 8% of the last 40 
children have required reoperation. 

Almost all children with an initial reservoir length of 
more than 15 cm developed progressive pouch enlarge- 
ment with fecal stasis, diarrhea, bacterial overgrowth, in- 
creased gas production, and symptoms of frequency, ur- 
gency, nausea, and occasional incontinence. Most of these 
patients progressed well for the first 12 to 18 months, with 
five to eight bowel movements per day until the reservoirs 
became so large that they emptied only small amounts 
with each defecation. In six children, elongated reservoirs 
were shortened during the ensuing 5 years to a length of 
12 cm or less by resecting the upper end of the reservoir 
and angstomosing the end of the ileum to the remaining 
reservoir. Two children had transanal shortening of the 
ileal reservoir spout alone. Ten patients had both short- 
ening o7 the elongated reservoir as well as the spout to 
alleviate reservoir outlet obstruction. 

Five of the six children with straight pullthrough pro- 
cedures experienced persistent stool frequency and ur- 
gency, cften accompanied by soiling, and required re- 
operation with conversion to an LR. Four of these children 
had UC and one had polyposis. 

Four of the eighty-two children were returned -to a per- 
manent ileostomy (4.9%) with removal of the reservoir; 
two of these patients were eventually proven to have 
Crohn’s disease instead of UC. Ten of the eighty-two chil- 
dren were returned to a temporary ileostomy because of 
various complications or to encourage catch-up growth 
during the adolescent years; seven of the ileostomies have 
subsequently been closed without sequelae. Thus, 74 of 
the 82 chaldren currently have a functioning LR and one 
a straight pullthrough procedure. 

Each othe 75 children with a functioning ERP (91.5%) 
are currently progressing well. Most have between three 
and five continent movements per 24 hours (mean, 4.8 
per 24 hoars). Less than 15% experienced daytime soiling 
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by 3 months, although 35% had occasional soiling episodes 
in the nocturnal hours. By 6 months, less than 14% ex- 
perienced nocturnal soiling. By 24 months, seepage or 
incontinence were very rare. Thirty-four of the patients 
participate in active or vigorous athletic activities. None 
of the boys has experienced impotence or evidence of ret- 
rograde ejaculation. Three of the girls have delivered 
healthy full-term babies within 3 years after operation, 
two by vaginal approach. Measurements of fecal bile salts 
and serum Bız levels have been within normal range in 
the 19 children in whom these studies were evaluated. 
Detailed review of the last 45 consecutive children shows 
that all but two are currently functioning well, indicating 
the decreased number of complications as our clinical 
experience has increased. 


Discussion 


Although many of the manifestations of chronic UC 
can be improved appreciably by medical therapy, includ- 
ing corticosteroids, immunosuppressive drugs, parenteral 
nutrition, and other therapy, the vast majority of children 
will not be cured unless the colon and rectum are removed. 
There has been great reluctance by parents, pediatricians, 
and gastroenterologists to consider a procedure so exten- 
sive as proctocolectomy unless absolutely necessary to save 
the child’s life. 

During the past few years, however, it has become in- 
creasingly evident that a child’s growth and development 
may be markedly delayed by the debilitating effects of 
colitis, and additionally there may be serious consequences 
of chronic administration of steroid and immunosup- 
pressive medications. If operation to cure the disease is 
not performed before mid to late adolescence, the child 
may never have an opportunity to experience “catch-up” 
growth and may bear the consequences of childhood 
medical therapy for life. As a result of the delay in growth 
and maturation, the child may develop feelings of infe- 
riority and a lack of desire to participate in many social 
and physical activities. 

Because most children with severe UC continue to have 
symptoms into adulthood and eventually require proc- 
tocolectomy, serious consideration should be given to re- 
moving the colon and curing the disease during childhood 
before the epiphyses have closed. Children with severe 
chronic UC are rarely cured without operation. Catch-up 
growth and rehabilitation socially and physically often 
have been dramatic after removing the diseased colon and 
rectum during childhood, as noted in our series of patients. 

A major concern of children with severe colitis who 
have been recommended for colectomy is that they will 
be required to wear an ileostomy appliance for life. Al- 
though the care of an ileostomy is usually easily mastered 
by a child, the presence of the stoma appliance often serves 
as a source of embarrassment during physical and social 
activities. Furthermore, there is great concern among ad- 
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olescent boys that proctocolectomy carries a risk of im- 
potence. Although postoperative impotence or bladder 
dysfunction after proctocolectomy in childhood are un- 
common, these concerns have influenced many children 
to defer operation until they are severely debilitated by 
the colitis or steroid therapy, and may manifest irreversible 
systemic complications. Because four children who had 
undergone previous proctocolectomy with permanent il- 
eostomy in other hospitals requested evaluation for the 
ERP, it would appear prudent to discuss all surgical op- 
tions before performing proctectomy on any child with 
polyposis or UC. As noted in the present series, no patient 
developed bladder dysfunction, impotence, or retrograde 
ejaculation; however, three children were so obese or had 
other complications related to medical therapy that the 
ERP could not be safely undertaken. 

As noted by Orkin and associates,” the complications 
after surgical management of UC in children increases 
with the duration of the disease and the length and dosage 
of medications. It is very evident from the present series 
of patients that those receiving long-term corticosteroids 
and immunosuppressive drugs have a considerably higher 
complication rate than do those children who have re- 
ceived shorter courses of therapy. This is further supported 
by the fact that only two of the 14 children with polyposis 
who underwent the ERP developed complications re- 
quiring reoperation (14%), whereas 30 of 67 patients with 
UC (45%) required reoperation. 

Subtotal colectomy with ileorectal anastomosis is no 
longer recommended as an option for children with UC 
because almost all will experience continued severe disease 
in the rectum requiring medical therapy and eventual 
surgical removal. Although the tleorectal anastomosis has 
been used extensively for children with colonic polyposis, 
there is increasing evidence that the ERP with reservoir 
provides lower stool frequency and urgency. Furthermore, 
patients with polyposis will require frequent endoscopic 
examination of the remaining rectal segment for life be- 
cause the rectum 1s at high risk for eventually developing 
carcinoma. 

There was initial enthusiasm for the Kock continent 
ileal reservoir following proctocolectomy for children with 
UC; however, complications related to stasis and disten- 
tion from incomplete emptying, pouchitis, and incom- 
petence of the nipple valve have led to multiple reoper- 
ations and eventual removal in many patients. The pro- 
cedure is currently reserved for those children who already 
have a permanent ileostomy and who are greatly handi- 
capped by its presence. 

Although some surgeons report that the straight ERP 
produces continence with similar stool frequency as when 
a reservoir is used, our clinical experience has been quite 
different.” Five of the six children with a straight pull- 
through had such severe frequency, urgency, and even- 
tually incontinence that they requested the pullthrough 
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be discontinued and that an ileostomy be constructed. 
Each of these five children underwent successful surgical 
conversion to an LR. Occasional children will have an 
acceptable result without a reservoir; however, it is difficult 
to identify these patients preoperatively and accordingly 
we recommend use of a reservoir in all children. 

Although a variety of ileal reservoirs are currently in 
clinical use (S-shaped, J reservoir, W pouch, and lateral 
reservoir), with somewhat comparable early results with 
respect to stool frequency and continence, it has become 
apparent that pouchitis is more common in larger reser- 
voirs that empty only partially with each defecatory 
movement.!° In contrast to colonic mucosa, ileal reservoir 
mucosa becomes inflamed when stasis and bacterial over- 
growth occur, leading to diarrhea, urgency, frequency, and 
occasional incontinence. Although many children will be 
relieved of symptoms by adherence to a constipating diet 
and use of antidiarrheal medications, metronidazole, 
bulking agents, and rectal irrigations, the symptoms usu- 
ally recur when only partial emptying occurs. Stenosis of 
the ileoanal anastomosis or lower end of the reservoir 
may appear to be mild, annoying problems but can cause 
reservoir distention, stasis, and pouchitis, if not corrected 
early. Our patients therefore have used a rectal dilator on 
a daily basis for the first 3 months after operation. 

Gradual enlargement of the ileal reservoir during the 
first year is anticipated regardless of the configuration. 
Because the daily fecal output for most children with an 
ERP varies between 600 and 800 mL, reservoirs with a 
capacity of more than 300 mL would .appear to be un- 
necessary and may be counterproductive. Reservoir en- 
largement of sufficient magnitude to produce chronic 
pouchitis may not become evident for more than a year 
after operation, however, when symptoms persist despite 
therapy, operative shortening of the reservoir and ileal 
spout may relieve the pouchitis permanently, as with 19 
children in this report. 

The LR lends itself particularly well to the shortening 
procedure; no major complications occurred in any of 
the patients. Our limited experience with reservoir mod- 
ification or shortening for the SR and JR in older patients 
have been less successful because of the more complex 
vascular supply to the lower end of the reservoir.’! Further 
advantages of the LR over the J reservoir in our experience 
are that it is easier to bring the end of the ileum to the 
anus with minimal tension, an end anastomosis of the 
ileum to the anus is easier technically than is a lateral 
anastomosis, it is technically easier to construct a short 
ileal pouch, and the pouch is tapered in the rectal muscle 
canal. 

Almost all complications after the ERP are surgically 
correctable when recognized and treated early. Most major 
complications occurred in the first 30 patients and were 
attributed to the large size of the reservoir and long ileal 
spouts. The two children with UC who were returned to 
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a permanent ileostomy were from our first 10 patients, 
and most likely could have undergone successful recon- 
struction. This low incidence of pouch failure compares 
favorably with the 6% to 13% failure rate reported in large 
series of adult patients.!'? Temporary ileostomy may be 
necessary in certain children, particularly if growth and 
development during adolescent years is not progressing 
at an optimal rate. After the reservoir reconstruction has 
been completed and the child has returned to a steady 
progress upward on the growth curve, the ileostomy can 
be safely closed in almost all cases. 

Fewer complications have occurred during the past 5 


years with the use of a short rectal muscle cuff, a short. ° 


ileal reservoir (10-cm), a short ileal spout (<1 cm), and 
removal of all rectal mucosa down to the dentate line. On 
the basis of our experience with the ERP in 82 children, 
the lonz-term postoperative results are slightly better than 
in adult patients. Follow-up for many years is necessary 
to recognize some of the more insidious complications of 
the ER? procedure, although 1t appears to be an excellent 
alternative to proctocolectomy with permanent ileostomy 
for the treatment of UC and polyposis coli in childhood. 
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_ A retrospective analysis was made of the complications from 
pelvic exenterations performed over the past 30 years for colo- 
rectal adenocarcinoma at the Roswell Park Cancer Institute. 
Seventy-five patients underwent exenteration, 51 for primary 
disease (PD) and 24 for recurrent disease (RD). Both total and 
posterior exenterations were included. Twenty of the fifty-one 
patients (39%) undergoing exenteration for PD developed severe 
complications, with an operative mortality rate of 6%. The most 
common complications were injuries to the ureter or bladder, 
intra-abdominal abscesses, and anastomotic leaks from the uri- 
nary diversion. After exenteration for RD, 12 of 24 patients (50%) 
developed severe complications, with an operative mortality rate 
of 4%. The most common major complication was an anastomotic 
leak from the urinary diversion; this occurred in 33% of all pa- 
tients with RD (8/24). The authors conclude that, although ex- 
enteration for colorectal adenocarcinoma may be performed with 
a low operative mortality rate, patients must be carefully selected 


because the associated morbidity rate remains high. 
pP cinoma confined to the pelvis remains a formi- 
dable procedure today, 40 years after its initial 
description.'* Patients with bulky and locally advanced 
pelvic disease are often symptomatic. Aggressive surgical 
extirpation, whether performed for primary treatment or 
for recurrent disease, often represents the best treatment 
option for patients. An adequate understanding of the 
potential complications associated with these procedures, 
however, is mandatory. We have analyzed a 30-year ex- 


perience with pelvic exenteration at the Roswell Park 
Cancer Institute in an effort to provide such information. 


ELVIC EXENTERATION FOR colorectal adenocar- 


Materials and Methods 


This is a retrospective review of the medical records of 
patients who underwent pelvic exenteration for primary 
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or recurrent colorectal adenocarcinoma from January 
1960 to March 1990 at the Roswell Park Cancer Institute. 
This included both total exenteration and posterior ex- 
enteration. Total pelvic exenteration was defined as the 
extirpation of the rectum and bladder in men, as well as 
the uterus (if present) in women. Posterior pelvic exen- 
teration was defined as the extirpation of the rectum, 
uterus, and ovaries in women. The indications for total 
pelvic exenteration were either documented involvement 
of the base of the bladder or trigone, based on the pre- 
operative workup, or suspected involvement on intra- 
operative evaluation. Only those patients who required a 
total cystectomy were included in the analysis of this 
group. The indications for posterior exenteration for pri- 
mary disease included anterior or circumferential lesions 
in women. Suspected vaginal or uterine involvement 
based on intraoperative evaluation was an indication for 
posterior exenteration in both primary and recurrent dis- 
ease. 

Before exenteration, all patients underwent a mechan- 
ical bowel preparation with preoperative prophylactic an- 
tibiotics. After total exenteration, the urinary diversion 
was performed with a small bowel loop conduit and sep- 
arate end-to-side ureterointestinal anastomoses with fine 
interrupted absorbable sutures as described by Bricker and 
Modlin.! Ureteral stenting usually was not performed, but 
there was drainage of the retroperitoneal space with Pen- 
rose and active sump drains. If a perineal dissection was 
required, the perineal wound was packed open and healed 
by secondary intent. 

Surgical morbidity and mortality rates were defined as 
occurring within 30 days of the pelvic exenteration. Major 
morbidity was defined as a significant complication whose 
treatment required surgery, prolonged the hospital stay, 
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or led to an alteration in that patient’s management. All 
other complications were categorized as minor morbidity. 


Results 


Seventy-five patients underwent pelvic exenteration. 
There were 17 men and 58 women. The mean age was 
60 years, with a range of 19 to 83 years. Fifty-one patients 
underwent exenteration for primary disease and 24 for 
recurrent disease. Of the 51 patients with primary disease, 
14 underwent total pelvic exenteration, whereas 37 pa- 
tients received a posterior exenteration. Of the 24 patients 
with recurrent disease, 14 underwent total pelvic exen- 
teration and 10 patients received a posterior exenteration. 
The TNM (tumor, nodes, and metastases) classifications? 
of both groups are listed in Table 1. The classification for 
patients with recurrent disease refers to the original pri- 
mary tumor. 

The overall major morbidity rate in this series was 32 
of 75 patients (43%). After exenteration for primary dis- 
ease, 20 of the 51 patients (39%) developed severe com- 
plications, with three surgical mortalities (6%). The types 
of complications are listed in Table 2. The most common 
major complications were iatrogenic injury to the bladder 
or ureter, intra-abdominal abscesses, and abdominal 
wound infections. There were three anastomotic leaks, 
two from the ureteroenterostomy and one from the en- 
teroenterostomy anastomosis after formation of the uri- 
nary conduit. One patient underwent a total pelvic ex- 
enteration with aortic and iliac lymph node dissection; 
he developed intra-abdominal hemorrhage from necrosis 
of the right common iliac artery, which was successfully 
repaired. More than one complication occurred in some 
patients, as noted by the total number of complications. 
Twelve of these twenty patients developed complications 
that required surgery (60%). These are noted in Table 2. 
The minor complications incurred after exenteration for 
primary disease are listed in Table 3. Urinary tract infec- 
tions and neurogenic bladder were the most common mi- 


TABLE |. Stage of Primary Tumor 
No. of Patients 


Exenteration for 
Recurrent 


Exenteration for Disease (Stage of 


TNM Primary Disease Primary Tumor) 
(TIS) l 0 0 
(T1/T2, NO) Fl 3 
(T3, NO) 6 9 
(T4, NO) 15 i 
(Ti-3, N1) 6 3 
(T1-3, N2) 2 3 
(T4-, N1-2) 9 3 
(any T, any N, M1) 2 l 
Unknown 0 l 
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TABLE 2. Major Morbidity After Pelvic Exenteration 


Primary Disease Recurrent Disease 
No. of Patients* 
No Surgery 
(Surgery) 


No. of Patients* 
No Surgery 

Complication (Surgery) 
Ureteroenterostomy or 

enterosnterostomy anastomotic 

leak 3 (2) 8 (7) 
latrogeni> injury to bladder 

(3 patients+) or ureter 


(2 patients+) 5+ (3) i 
Intra-abdominal abscess 4 (2) l 
Necrotizing fasciitis 2 (2) menm 
Small bowel obstruction secondary 

to adhesions 2 (2) 2 (2) 
Wound d-thiscence 2 (2) 2 (1) 
Massive lewer gastrointestinal 

hemormage, cause unknown 

(subtote! colectomy performed) 1 (1) 
Small bowel fistula secondary to 

bowel chstruction 1 (i) _ 
Wound inzection 4 2 
Pneumona l ] 
Vascular insufficiency requiring 

extremity amputation ~ i0) 
Intra-abdominal hemorrhage 

seconda-y to external iliac 

artery stump disruption =s i (1) 
Ruptured oght common iliac 

artery i (1) m= 
Revision o ileostomy 1 (1) mma 
Total 27 19 


* More taan one complication occurred in some patients. 


nor complications. When included with major morbidity, 
36 of 51 patients (71%) undergoing exenteration for pri- 
mary disease developed a complication. 

After exenteration for recurrent colorectal adenocar- 
cinoma, 12 of 24 patients (50%) developed severe com- 


TABLE 3. Minor Morbidity After Pelvic Exenteration* 
Primary Disease Recurrent Disease 


Complication No. of Patientst No. of Patientst 
Small bowel obstruction I — 
Neurogenic bladder 5 3 
Urinary tract infection 8 2 
Central verous catheter sepsis I — 
Common reroneal nerve 

neuropraxia l 2 
Gastrointes:inal hemorrhage ] —_ 
Vaginal—perineal fistual ee l 
Staphylococcus enteritis l — 
Supraventricular tachycardia l 
Contact dernatitis secondary to 

betadine l — 
Total 20 8 


ecco 


* No surgery required for resolution. 
+ More than one complication occurred in several patients. 
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plications, with one surgical death (4%). The types of 
complications are listed in Table 2. The most common 
major complication was ureteroenterostomy or enteroen- 
terostomy anastomotic leak after urinary conduit for- 
mation, which required surgery in 7 of 8 patients. Two 
patients had both a ureteroenterostomy and enteroenter- 
ostomy leak. Two additional patients had enteroenter- 
ostomy leaks, and four patients had ureteroenterostomy 
leaks. Again, more than one complication occurred in 
some patients. Eight of the twelve patients (67%) who 
developed complications required surgery. The minor 
complications that developed in this group are listed in 
Table 3. The most common minor complication after 
exenteration for recurrent disease was neurogenic bladder. 
When included with major morbidity rate, 20 of 24 pa- 
tients (83%) undergoing exenteration for recurrent disease 
developed a complication. 

Eleven of the seventy-five patients (15%) had received 
prior radiation to the abdomen or pelvis—perineum., This 
included three of 51 patients (6%) in the group with ex- 
enteration for primary disease and eight of 24 patients 
(33%) undergoing exenteration for recurrent disease. The 
indications and possible complications that resulted from 
radiation in each group are shown in Table 4. Of the three 
patients with prior irradiation who underwent exentera- 
tion for primary disease, one (33%) developed a compli- 
cation of ileostomy stomal retraction. Of the eight patients 
with prior irradiation who underwent exenteration for re- 
current disease, all (100%) developed a complication. Of 
the 16 patients with no prior irradiation undergoing ex- 
enteration for recurrent disease, 10 (63%) developed a 
major complication. 

Among the three surgical deaths in the primary disease 
group, all were sepsis related (abdominal abscess, necro- 
tizing fasciitis, and pneumonia, respectively). The single 
death of recurrent disease died of intra-abdominal hem- 
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orrhage secondary to rupture of a previously ligated ex- 


. ternal iliac artery after an en bloc resection and femoral 


to femoral artery bypass. 


Discussion 


Pelvic exenteration for locally advanced pelvic cancer 
was first described by Brunschwig in 1948.7 Only one of 
the 22 patients in this series had a tumor of colorectal 
origin; the remainder were gynecologic carcinomas. The 
operative mortality rate was 23%. Appleby* applied the 
same surgical principles when he reported a series in 1950 
of eight male patients who had undergone “proctocystec- 
tomy.” Although the morbidity rate was not reported, the 
operative mortality rate was 17%. In all of these patients, 
the urinary stream was diverted into the sigmoid colon, 
producing a “wet colostomy.” The procedure has evolved 
in the 42 years since it was first described. Chief among 
the innovations was the development of the ileal loop 
conduit for urinary diversion by Bricker in 1951.' 

Pelvic exenteration for colorectal adenocarcinoma re- 
mains a formidable procedure. The indications at the 
Roswell Park Cancer Institute include locally advanced 
disease, with clinical or presumptive involvement of ad- 
jacent organs. This procedure may be performed for either 
primary or recurrent disease. In either case, tumor should 
be limited to the pelvis. Presently, contraindications at 
our Institution include tumor involvement of the pelvic 
sidewall, pubic symphysis, or major vessels or nerves. Sci- 
atic or perineal pain suggestive of nerve root involvement 
are not considered amenable to this procedure. The nat- 
ural history of recurrent disease that involves the sacrum, 
although technically resectable in some cases, is not altered 
by ‘pelvic exenteration.’ Unilateral or bilateral hydrone- 
phrosis in recurrent disease may be a relative contrain- 
dication. The size of the tumor mass, involvement of 


TABLE 4. Possible Radiation Complications 


Total Radiation 


Dose (rad) 


Patient Indication Complication 
Primary disease 
I 4320 Adjuvant rectum None 
2 3000 Prior uterine cancer None 
3 Unknown Prior cervical cancer Ileostomy retraction requiring surgical revision 
Recurrent disease 
ji 2500 Only treatment to rectal primary lesion Neurogenic bladder* 
2 5000 Adjuvant rectum Neurogenic bladder* 
3 2100 Adjuvant rectum (to liver only) Anastomotic leak 
4 5000 Pelvic recurrence Wound dehiscence 
5 8000 Pelvic recurrence Anastomotic leak 
6 Unknown Pelvic recurrence Neurogenic bladder” 
T Unknown Pelvic recurrence Anastomotic leak wound dehiscence 
8 4000 History of Hodgkin’s disease _Anastomotic leak, small bowel obstruction 


* More likely secondary to surgical dissection rather than to radiation. 
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adjacent organs, previous surgery, and prior irradiation 
are all factors that may lead to substantial morbidity and 
mortality rates. 

In this retrospective analysis of 75 patients undergoing 
pelvic exenteration for colorectal adenocarcinoma over a 
30-year period, the overall operative mortality was 5%; 
that for primary disease, 6%; and for recurrent disease, 
4%. A previous report from our Institution noted a 10% 
operative mortality rate among 30 patients undergoing 
pelvic exenteration for primary colorectal malignancies,’ 
Reports in the literature may be confusing when results 
from colorectal adenocarcinomas are combined with pri- 
mary anal canal and gynecologic tumors, and when results 
from total, posterior, and anterior exenterations are not 
distinguished. Moreover, we believe that exenteration for 
primary disease should be considered separately from ex- 
enteration for recurrent carcinoma. Both mortality and 
morbidity rates can be expected to be higher in the latter 
patients. Recurrent tumors can attain considerable size 
and further complicate the technical aspects of a repeat 
procedure. In addition, many of these patients will have 
undergone prior radiation therapy, adding to the hazard 
of this procedure. 

Lopez et al. reported an operative mortality rate of 
21% for total pelvic exenteration in primary rectosigmoid 
carcinoma over a 30-year period; this decreased to 9% in 
the final decade. Boey et al.? found a 15% 30-day mortality 
rate in a similar group of patients. Mortality rates range 
from 0% to 18% in series that also include tumors not of 
colorectal origin (Table 5)..4°!” All three of the surgical 
deaths in our present series for primary disease were re- 
lated to sepsis: abdominal abscess, necrotizing fasciitis, 
and pneumonia. None of these patients had a clinically 
recognized anastomotic leak to explain their subsequent 
course. The single operative death among patients with 
recurrent disease succumbed after an iliac artery graft 
anastomosis dehisced. This had originally been placed af- 
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ter an en bloc resection of a portion of the artery with the 
tumor. 

Altaough the operative mortality rate was low in our 
experence, a considerable number of our patients devel- 
oped complications. After exenteration for primary dis- 
ease, =9% developed major complications, of which 60% 
required surgery. Among patients with recurrent disease, 
50% developed complications that met our criteria for 
major morbidity, of which 67% required surgery. When 
minor complications are included, the overall morbidity 
rate fo- primary and recurrent disease was 71% and 83%, 
respectively. Because the criteria for postoperative mor- 
bidity nay vary among authors, we have attempted to 
categorize our complications into major and minor groups 
in an édmittedly subjective fashion. Major morbidities 
were those that required surgery, prolonged hospitaliza- 
tion, or were thought to have caused a significant change 
in patient management. We believe that when interpreting 
morbid:ty data for the individual patient, such “major” 
factors are most likely to affect the physician’s decision 
to select a particular operation. 

With <hese caveats in mind, the reported morbidity rates 
vary widely in the literature, ranging from 13% to 
77%.'*"!?-'418 Complications related to the urinary di- 
version were most often cited.”?!*!5 Gastrointestinal 
complications, particularly small bowel obstruction and 
fistulas, are also commonly reported.®?!3~! 

A ureceroenterostomy or enteroenterostomy anasto- — 
motic leak occurred in eight of 24 patients (33%) with 
recurrent tumor in our series. An additional element in 
those patents with recurrent disease who developed anas- 
tomotic keaks was a history of prior radiation therapy. 
Four of the eight patients (50%) who developed an anas- 
tomotic leak received radiation therapy. Radiation therapy 
had been used in only 15% of our patients before their 
exenteration, although fully one third of those with re- 
current d.sease had been so treated. It may have been 


TABLE 5. Reported Data on Pelvic Exenteration for Co.orectal Adenocarcinoma 


No. of 

Reference Year Primary Lesion Surgery/indication Patients Morbidity (%) Mortality (%) 
Appleby‘ 1950 CR TPE/PD 6 — 17 
Brintnal and Flocks!’ 1950 CR TPE/PD 9 — 33 
Kiselow et al.!! 1967 CR TPE/PD 43 = 16 
Olsson et al.!” 1976 CR + bladder + cervix TPE, AE/PD, RD 18 (7 CR) 45* 6 
Eckhauser et al.!? 1979 Rectum TPE, PE/PD 12 75* 8 
Ledesma et al.’ 1981 CR, anus TPE/PD 30 13 10 
Boey et al? 1982 CR TPE, PE/PD 49 51 18 
Jakowatz et al.” 1985 CR + others TPE, PE, AE/PD, RD 104 (31 CR) 49 3 
Lindsey et al.!° 1985 CR + others TPE, PE, AE/PD, RD 68 (29 CR) 30 14 
Takagi et al. '® 1983 CR TPE/PD 13 — 8 
Lopez et al.® 1987 CR TPE/PD, RD 24 26 20 
Hafner (current series) 1991 CR TPE, PE/PD, RD 75 43 5 


* Includes early and late complications. 
CR, colorectal; TPE, total pelvic exenteration; PD, primary disease; ation. 


AE, anterior exenteration; RD, recurrent disease; PE, posterior exenter- 
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involved in one complication for primary disease, where 
a retracted ileostomy required surgical revision. However, 
technical errors during the initial surgery also could have 
contributed to this complication. Additionally, three pa- 
tients with recurrent disease who received prior radiation 
developed a neurogenic bladder, but this complication 
was more likely secondary to nerve injury during the pelvic 
dissection. 

Other groups have found radiation therapy to be a sig- 
nificant complicating factor. Jakowatz et al.'* noted that 
49% of their pelvic exenterations developed complications 
involving the gastrointestinal tract, urinary tract, or ab- 
dominal wound. Prior radiation led to a much higher 
morbidity rate compared with those without such treat- 
ment (67% versus 26%, respectively). This group recom- 
mended reconstruction of the irradiated pelvis by an 
omental flap, colonic advancement, or a myocutaneous 
flap to decrease the complication rate. Lopez et al.® re- 
ported that three of four patients (75%) with and two of 
15 patients (13%) without prior irradiation who survived 
the operation had major complications (p < 0.005). 

It has been shown in our series and others that pelvic 
exenteration may be carried out with a low mortality rate. 
We have reported a significant morbidity rate for both 
primary and recurrent disease. Radiation therapy was used 
in relatively few of these patients, but may have contrib- 
uted to the morbidity rate. With the recent National In- 
stitutes of Health (NIH) consensus on adjuvant radiation 
and chemotherapy for stage II and HI rectal adenocarci- 
noma,> the treatment of local-regional recurrence will be 
largely limited to surgery. We continue to advocate an 
aggressive posture for locally advanced colorectal ade- 
nocarcinoma, whether for primary or recurrent cancer. 
Our data do serve to emphasize, however, that careful 
patient selection is imperative before undertaking a pro- 
cedure of this magnitude. 
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Prognostic Factors Influencing Survival in 
Gastrointestinal Le1iomyosarcomas 


Implications for Surgical Management and Staging 
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The appropriate surgical therapeutic options for either localized 
or more advanced disease in patients with gastrointestinal 
leiomyosarcomas remain unclear. A staging classification for this 
disease has not been adopted nor risk factors identifying patients 
at risk for recurrence defined. To address these issues, this study 
evaluated the influence of various clinicopathologic variables on 
overall and disease-free survival. In an univariate analysis of 
overall survival involving 191 patients, the Cox proportional 
hazards model identified four factors that were associated with 
a significantly better outcome: complete resection without tumor 
rupture (p < 0.001), localized lesions (p < 0.001), low grade of 
tumor (p = 0.02), and tumors smaller than 5 cm (p = 0.03). 
When interactive effects of these factors were taken into account, 
however, type of resection of the tumor was selected as the only 
significant prognostic factor in a multivariate analysis. Complete 
resection without tumor rupture improved overall survival of pa- 
tients with localized disease (median, 46 months) as well as those 
with contiguous organ invasion (median, 36 months) or peritoneal 
implants (median, 36 months). In contrast, patients with incom- 
plete resections survived for a median of 21 months. Patients 
with tumor rupture, despite removal of all gross disease, behaved 
similarly to those with incomplete resections; median survival 
was only 17 months. For disease-free survival, important deter- 
minants selected from a multivariate analysis were tumor rupture 
(p = 0.002), contiguous organ invasion (p = 0.02) and high tumor 
grade (p = 0.02). A staging classification incorporating these 
prognostic factors of significance was evaluated using a TGM 
system: T1 (<5 cm), T2 (25 cm), T3 (contiguous organ invasion 
or peritoneal implants), T4 (tumor rupture); G: G1 (low grade), 
G2 (high grade); M: MO (no metastases), M1 (metastases pres- 
ent). The corresponding 5-year overall survivals for stages I, H, 
Il, IVA, and IVB were 75%, 52%, 28%, 12%, and 7%. Disease- 
free survival at 2 years after surgery was 89%, 57%, and 47% 
for stages I, II, and III, respectively. In conclusion, surgery re- 
mains the primary modality of treatment for patients with gas- 
trointestinal leiomyosarcomas, and complete resection of all dis- 
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ease without tumor rupture, even of locally advanced disease, 
improves overall and disease-free survival. A staging classifi- 
cation appears feasible and is recommended to determine outcome 
in patients with leiomyosarcomas arising from the gastrointes- 
tinal trac:. 


URGERY REMAINS THE the primary modality of 
treatment for patients with gastrointestinal leio- 
nryosarcomas. Therapeutic options for localized or 
more advanced stages of disease, however, have not been 
assessed with respect to clinical outcome. For example, 
the ability of radical extirpative surgery to improve sur- 
vival of patients with primary tumor invading contiguous 
organ or associated with peritoneal implants remains in 
doubt. For localized lesions, unclear issues include the 


adequate extent of primary organ resection and the need 


for wide excision of attached mesentery or regional 
lymphadenectomy. Further, prognostic factors that can 
identify b:gh-risk groups for recurrence, despite such “cu- 
rative surgery,” have not been elucidated. In contrast to 
soft tissue tumors arising from other sites,’ a staging clas- 
sification 2as not been adopted for gastrointestinal leio- 
myosarcomas. In an attempt to address these issues, this 
study evaluated the influence of various clinicopathologic 
factors, including type of surgery performed, on overall 
and disease-free survival. The results of these analyses are 
used in recommending rational therapeutic strategies for 
patients w:th gastrointestinal leiomyosarcomas. Finally, 
we also exemined the feasibility of formulating a staging 
classificaticn based on significant prognostic factors. 


Methods 


The rececrds of all patients with gastrointestinal leio- 
myosarcomas referred to University of Texas M. D. An- 
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derson Cancer Center (UTMDACC) from January 1957 
to December 1987 were reviewed. All tumors with the 
diagnosis of leiomyosarcoma that originated from the 
gastrointestinal tract and were confirmed by a UTM- 
DACC pathologist were included in this study. Primary 
tumors attached to the mesentery or omentum were also 
included and labeled as arising from an “other” site of 
origin. Patients with leiomyosarcomas arising from the 
retroperitoneum or esophagus or patients with other syn- 
chronous or metachronous malignancies were excluded. 
The last recorded date of follow-up was April 15, 1990. 
The median follow-up of surviving patients was 68 months 
(range, 15 to 178 months). 


Definitions and Criteria 


The tumor size used was as determined by the pathol- 
ogist at the institution where the primary operation was 
performed. The tumor grade assigned and criteria for such 
grading was determined by the reviewing pathologist at 
UTMDACC at the time of patient referral. The type of 
operation performed was classified as complete resection 
with or without tumor rupture or incomplete resection. 
Complete resections were defined as removal of all gross 
‘disease at operation; conversely, incomplete resections 
implied gross residual disease remaining after surgery. 
Tumor rupture referred to those patients in whom com- 
plete resections were performed but the tumor ruptured 
either at the time of resection (n = 17) or because of per- 
foration just before surgery (n = 7). Disease extent was 
determined intraoperatively. Localized lesions were con- 
fined to the primary organ of origin; contiguous organ 
involvement had to be confirmed by the histologic pres- 
ence of primary tumor invasion. Resectable implants were 
peritoneal deposits within the abdominal cavity, excluding 
liver, and removable by surgery. Unresectable implants 
were lesions in similar location but not amenable to sur- 
gical removal. Metastases were either deposits in the liver 
noted at operation or in other extra-abdominal sites de- 
tected by appropriate investigations. 


Statistical Methods 


Survival curves incorporating various prognostic factors 
for overall and disease-free survival were computed using 
the methods of Berkson and Gage.” Zero time was at initial 
surgery; the terminal event was either death due to disease 
or initial recurrence, as appropriate. The Cox proportional 
hazards model was used in identifying factors of signifi- 
cance.? This was performed with effects of individual 
variables considered individually (univariate analysis) and 
when the joint effects of variables were modeled by Cox 
stepwise regression analysis (multivariate analysis). In the 
analysis of prognostic factors by site of tumor, comparison 
of survival experiences was performed using the Lee-Desu 
statistic.* P values < 0.05 were considered statistically sig- 
nificant. 
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Results 
Patient Characteristics 


During the study period, 201 patients with gastroin- 
testinal leiomyosarcomas were referred to this institution 
for primary therapy, adjunctive therapy after surgery, or 
treatment of recurrences. Ten patients with either syn- 
chronous or metachronous secondary malignancies were 
excluded from this study. Secondary malignancies con- 
sisted of breast carcinoma (2), colorectal carcinoma (3), 
lymphoma (3), hepatocellular carcinoma (1), and urethral 
carcinoma (1). Demographic and clinical features of the 
patient population are listed in Table 1. After exclusions, 
191 patients were included in this study and the median 
age was 54 years (range, 12 to 85 years). Caucasians were 
the predominant race (87%) and there was a mild male 
preponderance (1.4:1). Tumors arising from the stomach 
(38%) and small bowel (41%) were the most common 
sites of origin. Most patients were treated with adjuvant 
systemic chemotherapy (76%); some patients received re- 
gional therapy (hepatic arterial infusions or chemoem- 
bolization) or radiotherapy for recurrences. The response 
to these therapies were marginal, and results of chemo- 
therapy administered in a adjuvant setting or for recur- 
rences were not thought to alter the clinical outcome.’ 


Overall Survival 


All Patients. Univariate Analysis. Actuarial 5-year sur- 
vival for all patients was 28% (Fig. 1). The median survival 


TABLE 1. Characteristics of Patient Population (n = 191) 





Characteristic N (%) 

Sex 

M 110 (58) 

F 81 (42) 
Ethnicity 

White 167 (87) 

Black 9 (5) 

Hispanic 12 (6) 

Other 3 (2) 
Age 

12-39 32 (17) 

40-49 37 (19) 

50-59 54 (28) 

60-69 42 (22) 

>70 26 (14) 
Site of primary lesion 

Stomach 72 (38) 

Small bowel 79 (41) 

Large bowel 22 (12) 

Other 18 (9) 
Chemotherapy 

Yes 145 (76) 

No 30 (16) 

Unknown 16 (8) 
Radiation therapy 

Yes 38 (20) 

No 130 (68) 

Unknown 23 (12) 





70 NG AND OTHERS 







0.8 

o) 

= 

© 06- 

j 

© 

= 

k= 

Oo 

a 0.4 

= 

a 
0.2 Overal] survival (n=189) 
0.0 baa 


9123456 7 8 9 1011 12131415 161718 1920 


Years after surgery 


FIG. 1. Overall and disease-free survival rates for entire cohort. Disease- 
free survival based on patients with complete resection with and without 
tumor rupture. 


time of the entire cohort was 29 months (range, 1 to 284 
months). Seven prognostic factors were analyzed: type of 
operation, extent of disease, tumor grade, and tumor size 
correlated significantly with overall survivorship (Table 2). 

Patients with complete resections showed improve- 
ments in overall survival (median, 48 months) compared 
with incomplete resections (median, 21 months; p 
< 0.001; Fig. 2). Tumor rupture at the time of surgery, 
despite the removal of all gross disease, was associated 
with an adverse influence on overall survival (median, 17 
months). Progressive extent of disease at the time of sur- 
gery showed a stepwise inverse correlation with overall 
survival (Table 2 and Fig. 3). Localized tumors were as- 
sociated with a favorable outcome and a median survival 
of 46 months. In contrast, patients with unresectable peri- 
toneal implants or metastases experienced median sur- 
vivals of 23 and 19 months, respectively. Tumor grade 
was also significant in predicting overall survival (p 
= 0.018, Fig. 4). The median survival of patients with 
low-grade tumors was 41 months, compared with 36 
months for those with high-grade tumors. Patients with 
tumors smaller than 5 cm also experienced prolonged 
survivals (median, 68 months) when compared with pa- 
tients with 5- to 10-cm tumors (median, 32 months) or 
greater than 10 cm (median, 27 months; Fig. 5). Site of 
origin, age, and sex were not significant prognostic factors 
(Table 2). 

Multivariate Analysis. Only patients with complete in- 
formation regarding type of operation, extent of disease, 
tumor grade, and size could be included in a stepwise 
regression analysis to evaluate the relative importance of 
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various prognostic factors. Because the grade of tumor 
was not specified in many patients, the sample size would 
have been significantly reduced if grade was included as 
a variable to be evaluated. To overcome this limitation, 
analysis was performed with and without grade of tumor 
entered into Cox’s model. The corresponding sample size 
was ICO and 149 patients, respectively. From both sets of 
analys:s, type of operation was selected as the only sig- 
nificant prognostic factor. Other factors entered subse- 
quently into the model (extent of disease, tumor grade, 
and tumor size) did not provide additional information 
regarding survival. Patients with incomplete resections or 
tumor rupture had a relative risk for death of 3.4 (95% 
confidence interval, 2.0 to 5.79) when compared with pa- 
tients with complete resections without tumor rupture 
(relative risk = 1). 

Patients With Complete Resections Without Tumor 
Rupture. The influence of extent of disease, tumor grade, 
and size were evaluated in the subset of patients who had 
complete resection of tumor without rupture (n = 99 pa- 
tients evaluable). Within this population, only grade of 
tumor was significantly associated with overall survival 
(p = 0.C3). Extent of disease (p = 0.07) and tumor size 
(p = 0.1) did not significantly influence survival. Thus, 
survivorship of patients with contiguous organ invasion 
(median. 36 months) or peritoneal implants (median, 36 
months) were not significantly different when compared 


TABLE 2. Univariate Analysis of Factors That Influence 


Overall Survival 
Evaluable Median 
Patients Survival 
Prognostic Factor N (%) (mo) p 

Type of operation <0.001* 

Complete resection with no 

tumor rupture 99 (59) 48 
Incomplete resection 46 (28) 21 
Complete resection with 
tumor rupture 22 (13) 17 

Extent of disease <0.001* 

Localized 92 (53) 46 

Contiguous organ 21 (12) 36 

Implants resectable 19 (il) 28 

Implants anresectable 6 (3) 23 

Metastases 36 (21) 19 
Tumor grade 0.018* 

Low 40 (39) 4} 

High 62 (61) 36 
Tumor size fem) 0.034 * 

<5 11 (8) 68 

5-10 45 (32) 32 

>10 86 (60) 27 
Site of primary lesion NS 
Age (yr) NS 


Sex NS 


* Factors entered into Cox proportional hazards model for regression 
analysis of joint effects and selection of significant prognostic factors. 
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FiG. 2. Influence of type of operation on overall and disease-free survival rates. Complete resection without tumor rupture (n = 99); camplete 


resection with tumor rupture (n = 22); incomplete resection (n = 46). 


with patients with localized lesion (median, 46 months), 
provided that all primary tumor was removed without 
rupture. 


Disease-free Survival 


Univariate and Multivariate Analysis. Complete resec- 
tions with and without tumor rupture were performed in 
132 patients (69%) who were analyzed for factors influ- 
encing disease-free survival (Table 3). As of the last follow- 
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up, only 10% of patients remained free of disease. The 
median interval to initial recurrence was 18 months 
(range, 3 to 232 months), and 60% of all recurrences oc- 
curred within 2 years of surgery (Fig. 1). Of the factors 
evaluated in a univariate analysis—tumor rupture (p 
= 0.002), extent of disease (p = 0.02), and tumor grade 
(p =.0.02)—were significantly related to disease-free sur- 
vival. These three factors were each selected as significant 
factors in the multivariate analysis (Table 3). Tumor rup- 
ture had a dramatically adverse effect on disease-free sur- 
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Fic. 3. Influence of extent of disease on overall and disease-free survival rates. Sample sizes for each category are shown in Table 2 for overall survival 


and Table 3 for disease-free survival. 
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FIG. 4, Influence of tumor grade on overall and disease-free survival rates. Overall survival: low-grade (n = 40); high-grade (n = 61). Disease-free 


survival: low-grade (n = 36); high-grade (n = 45). 


vival (median, 12 months) in comparison to patients 
without rupture (median, 26 months; Fig. 2). Patients with 
tumors that either invaded contiguous organs (median, 
12 months; Fig. 3) or were high grade (median, 17 months; 
Fig. 4) experienced shorter disease-free survivals compared 
with localized (median, 27 months) or low-grade tumors 
(median, 27 months). 


Analysis by Site of Tumor 


An analysis of prognostic factors influencing overall 
survival was performed separately, based on the site of 


Overall survival 
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origin of the primary tumor: stomach (n = 72), small 
bowel (n = 79), and large bowel (n = 22; Table 4). Type 
of operation and the extent of disease were significantly 
related to overall survival in all primary sites analvzed. 
Tumor size was also significantly correlated with survival 
in stomach (p = 0.05) and large bowel (p = 0.04) tumors 
but not for small bowel tumors. Tumor grade showed 
significant trends only for tumors arising from the stomach 
(p = 0.07), but not for tumors arising from the small and 
large bowel. 

The influence of the type of primary organ resection 
on overall survival and disease-free survival was evaluated 


Disease-free survival 
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Fic. 5. Influence of tumor size on overall and disease-free survival’ rates. Sample sizes are shown in Table 2 for overall survival and Table 3 for 


disease-free survival. 
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TABLE 3. Factors That Influence Disease-Free Survival After Complete Resection 


Univariate analysis 


Evaluable Patients Median 

Prognostic Factor N (%) (mo) 
Tumor rupture 

No 99 (82) 26 

Yes 22 (28) 12 
Extent of disease 

Localized 

Implants 87 (73) 27 

resectable 17 (14) 19 

Contiguous organ 15 (13) 12 
Tumor grade 

Low 36 (44) 27 

High 45 (56) 17 
Tumor size (cm) 

<5 11 (10) 36 

5-10 31 (29) 19 

>10 66 (61) 17 
Site of primary lesion 

Large bowel 16 (12) 39 

Stomach 45 (35) 25 

Small bowel 56 (43) 18 

Other 13 (10) 26 


* Prognostic factors entered into Cox model for regression analysis of 
joint effects and selection of significant prognostic factors (p < 0.05). 
Analysis was based on 72 patients with complete data. 


for tumors arising from the stomach and small bowel. 
The number of patients with large bowel tumors was too 
small for meaningful analysis. For appropriate compari- 
sons, only localized tumors that were completely excised 
without tumor rupture were included. No differences were 
observed for wedge resections compared with more ex- 
tensive surgery of the primary organ (gastrectomy or small 
bowel resection, Table 4). For stomach tumors, the me- 
dian overall survival (67 months) and disease-free survival 
(33 months) after wedge resections were not statistically 
different after gastrectomy (median overall survival, 47 
months; disease-free survival, 28 months; Fig. 6; p = 0.26). 
Similar results were observed when comparing for wedge 
resections against bowel resections for small bowel tumors 
(median overall survival, 75 versus 49 months; disease- 
free survival, 23 versus 26 months) 

The impact of more radical locoregional surgery on 
outcome was also determined in the context of localized 
tumors. For tumors arising from the stomach, overall sur- 
vival (median, 55 versus 41 months, p = 0.65, not sig- 
nificant [NS]) and disease-free survival (median, 33 versus 
29 months, p = 0.71) were similar with or without resec- 
tion of organs adjacent to the primary (Table 4 and Fig. 
7). Similarly, no statistically significant differences were 
observed for small bowel tumors. Median overall survival 
and disease-free survival after resection of adjacent organs 
was 50 and 24 months, compared with 45 months (p 
= 0.56) and 26 months (p = 0.7) with surgery limited to 
the organ of origin, respectively. 


Multivariate analysis* 


p Selected Relative hazard ł 
0.002* Yes 
3.1 
0.02 *$ Yes 
3.3 
0.02* Yes 
1.9 
NS 
NS 


+ Relative risk of recurrence with reference to a value of | (no rupture, 
localized, and low-grade tumor). 
t Localized vs. contiguous. 


Proposed Staging Classification 


The ability of a staging classification incorporating 
prognostic factors of significance to stratify groups for 
overall and disease-free survival was examined. A TGM 
system was used for staging: T: T1, localized and <5 cm; 
12, localized and =5 cm; T3, contiguous organ invasion 
or peritoneal implants; T4, tumor rupture. G: G1, low 
grade; G2, high grade. M: MO, no metastases; M1, me- 
tastases present. One hundred thirty-nine patients with 
complete data were evaluable for overall disease-free sur- 
vival, and 93 patients were evaluable for disease-free sur- 
vival. Plots of overall and disease-free survival curves for 
various combinations of the TGM system were generated: 
five composite stages that stratified patients in a siepwise 
fashion were identified. The corresponding TGM status 
and plots of overall survival for stages I through IVB are 
shown in Table 5 and Figure 8. Stages I (<5cm) and II 
(=5cm) are localized lesions with low histologic grade. 
Stage III lesions are either high-grade tumors of any size 
or tumors with regional involvement (contiguous organ 
Invasion or peritoneal implants). Stage IVA refers to pa- 
tients with systemic metastases or unresectable tumor. 
Stage IVB is designated when tumor rupture has occurred 
despite resection of all macroscopic disease. Five-year 
overall survival rates for stages I, II, II, IVA, and IVB 
were 75%, 52%, 28%, 12%, and 7%, respectively. Disease- 
free survivals at 2 years were 89%, 57%, 47%, and 19% 
for stages I, II, II, and IVB, respectively. 


74 . NG AND OTHERS Ann. Surg. * January 1992 


TABLE 4. Univariate Analysis of Factors That Influence Overail Survival for Each Site of Primary Tumor 


Stomach Small Bowel Large Bowel 
Evaluable Evaluable Evaluable 
Patients Median Patients Median Patients Median 
Prognostic Factor (n) (mo) p* (n) (mo) p* (n) (mo) p* 
Type of operation l 0.002 0.0001 0.007 
Complete resections, no rupture (44) 4) (44) 48 (14) 75 
Incomplete resections (21) 16 (18) 24 (4) 24 
Complete resection, rupture . (5) 1] (12) 19 (2) 12 
Extent of disease 0.003 0.04 0.05 
Localized (35) 46 (45) 42 (10) 76 
Contiguous organ (8) 29 (40) 40 (4) 36 
Implants resectable (7) 15 (29) 29 (3) 14 
Implants unresectable (2) 20 (4) 30 (0) — 
Metastases (17) 15 (13) 22 (4) 24 
Tumor size (cm) 0.05 0.9 0.04 
<5 (4) 120+ (4) _ 4§ (4) 104 
5-10 (14) 26 (21) 29 (5) 71 
>10 (38) 25 (35) 32 (9) 23 
Tumor grade 0.07 0.3 0.7 
Low (11) 56 (23) 39 (4) 71 
High (29) 29 (21) 46 (10) 4] 
Type of primary organ resection} 0.26 0.87 (——)£ 
Wedge resection (8) 67 (7) 75 
Bowe! resection (22) 47 (26) 49 
Adjacent organs resected f 0.65 0.56 (—)} 
None (23) 55 (31) 50 
Yes (7) 41 (3) 45 
* p value from comparison of survival by Lee-Desu statistic. ture were compared. 
t Only localized tumors with complete resections without tumor rup- t Variable not evaluated. 
Discussion lignancies. Approximately 150 new cases are diagnosed 


, annually in the United States. Furthermore, a significant 
Gastrointestinal leiomyosarcomas occur infrequently, proportion of patients—90% in one series’—have their 
accounting for only 0.1% to 3% ofall gastrointestinal ma- tumors discovered at operation without prior diagnosis 
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Fic. 6. Influence of wedge resection vs. gastrectomy for leiomyosarcomas localized to the stomach on overall and disease-free survival rates. Wedge 
resection (n = 8); gastrectomy (n = 22). 
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FIG. 7. Influence of resecting adjacent organs for localized leiomyosarcomas of the stomach on overall and disease-free survival rates. Resection (n 


= 7): no resection (n = 23). 


when they present with bleeding, perforation, or obstruc- 
tion. Thus, the surgeon is required to formulate adequate 
therapy, usually in an acute situation, for an exceedingly 
rare disease. Unfortunately, information regarding ap- 
propriate surgical management options and their corre- 
sponding outcomes remains scarce. The purpose of this 
study was to evaluate the influence of various clinico- 
pathologic factors, including type of surgical resection, on 
overall and disease-free survival. From these results, the 
influence of surgically related procedures on outcome for 
both localized and invasive lesions could be clarified and 
appropriate therapeutic options formulated. Additionally, 
a staging classification incorporating significant prognostic 
factors was evolved. The ability of such a staging classi- 
fication to stratify patients into prognostic groups for 
overall and disease-free survival was examined. 


Overall survival at 5 years for patients with gastroin- 
testinal leiomyosarcomas has been reported to be as high 
as 50%, whereas a considerable range (25% to 50%) exists 
from various series.° In this study, actuarial survival for 
all patients was only 28%. This finding is in agreement 
with Akwari et al.® and indicates that with adequate long- 
term follow-up, a high incidence of recurrences and sub- 
sequent fatalities can be anticipated. Only 10% of patients 
remained free of disease as of the last follow-up visit. The 
clinicopathologic features of this study cohort are com- 
parable to those of other published series’~'* and suggest 
that our sample population may be representative of the 
general population. 

As has also been indicated by these reports," variables 
such as tumor size, grade, completeness of tumor resec- 
tion, and extent of the spread of disease are useful in pre- 


TABLE 5. Overall and Disease-Free Survival Based on M. D. Anderson Cancer Center Staging Classification for Gastrointestinal Leiomyosarcoma 


Disease-free Survival 


Overall Survival (yr) (yr) 
Stage TGM N (%) 5 8 10 2 4 
I TI GI MO 10 (7) 75% 56% 28% 89% 28% 
H T2 Gi MO 12 (9) 52% 28% 28% 57% 34% 
Hi T1-2 G2 M0 47 (34) 28% 14% 14% 47% 18% 
T3 any G MO 
IVA M1 or residual disease 46 (33) 12% 4% 0% _— — 
after surgery 
IVB T4 24 (17) 7% — — 19% 19% 


Staging classification involving 139 patients for overall survival and 
93 patients for disease-free survival. 

T, tumor size and extra-organ involvement: Ti = localized; <5 cm; 
T2 = localized, >5 cm; T) = contiguous organ invasion or peritoneal 


implants, any size; T4 = tumor ruptured, any size. G, tumor grade: G1 
= low grade; G2 = high grade. M, distant metastases: MO = no metastases; 
M1 = metastases present. 
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FIG. 8. Overall survival by staging of disease based on M. D. Anderson 
Staging Classification. Criteria and sample size for each stage are shown 
in Table 5. 


dicting outcome of patients. Nevertheless, type of oper- 
ation was identified as the only prognostic factor of sig- 
nificance via regression analysis in this study. Such 
findings underscore the central role of surgery in gastroin- 
testinal lejomyosarcomas and emphasize that extirpative 
procedures with curative intent should be attempted for 
tumors invading adjacent organs or with associated peri- 
toneal seeding. Removal of all gross disease improves 
outcome even in such patients with advanced disease. 
Thus, survival of patients with contiguous organ involve- 
ment or peritoneal implants was not significantly different 
compared with patients with localized lesions, provided 
all tumor was surgically excised. For localized lesions in 
the stomach or small bowel, wedge resection of the pri- 
mary organ appears to be adequate, if all gross disease is 
removed. Wedge resections resulted in similar overall and 
disease-free survivals compared with gastrectomies or for- 
mal bowel resections. Similarly, resecting adjacent organs 
did not improve overall and disease-free survival. These 
results indicate that tumor spread either via mucosal ex- 
tension or submucosal lymphatics is clinically less signif- 
icant when compared with other routes of dissemination. 
This extrapolation is supported by the infrequent spread 
to regional lymph nodes (0% to 15%) from gastrointestinal 
sarcomas.”!®!” Thus, regional lymphadenectomy, as has 
been proposed by others,!° would presumably not result 
in beneficial effects, particularly because the majority of 
patients present with systemic metastases as their first site 
of failure.'* . 

Tumor rupture, either spontaneously or iatrogenically, 
was associated with an adverse influence on both overall 
and disease-free survival. Despite removal of all macro- 
scopic tumor, affected patients are at extreme risk for early 
recurrences. A number of mechanisms may explain these 
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observations. Tumors that are susceptible to rupture, pre- 
sumably because of a large necrotic component, also may 
be inberently aggressive in their biologic behavior. Alter- 
natively, the dissemination of tumor cells at the time of 
rupture, apart from seeding potential implants in the 
peritoneal cavity and the liver, also could lead to host 
immune suppression and result in an increase in tumor 
proliferative activity and appearance of recurrent disease. 
Althorgh the mechanisms involved remain speculative, 
it is clear from the data that a grave prognosis can be 
anticipated in patients with gross spillage of tumor. 

The grade of tumor has been shown to be of prognostic 
significance for survival.*"'° In this study, tumors were 
not gra-led by an individual review and are therefore rep- 
resentative of the overall expertise of pathologists in a 
tertiary cancer center. As alluded to by Appelman,!? the 
criteria for such grading are not rigidly defined; consid- 
erable subjectivity exists in their application. Morphologic 
criteria include cellularity, vascularity, amount of stroma, 
and number of mitotic figures, etc. Despite these limita- 
tions, grade of lesion was significantly related to disease- 
free survival and overall survival after complete resection 
of primary tumor. Patients with high-grade tumors, de- 
spite initial “curative surgery,” are at higher risk for re- 
currenceés and are associated with a poor clinical outcome. 

The analysis of prognostic factors based on tumors 
arising f-om different sites, as shown in Table 4, empha- 
sizes the applicability of type of operation and extent of 
disease as important determinants irrespective of the pri- 
mary site of origin. These results also support the feasibility 
of a staging classification suitable for all leiomyosarcomas 
arising from the gastrointestinal tract. The proposed stag- 
ing class-fication may be useful in predicting prognosis 
and recommending adjuvant therapy for individual pa- 
tients at aigh risk of relapse. 

In conzlusion, type of operation is the most important 
determinant of overall survival in patients with gastroin- 
testinal lelomyosarcomas. Surgery remains the primary 
modality of treatment and extirpation of all macroscopic 
disease without gross spillage should be the goal of therapy. 
In patients with locally advanced disease, resection of 
peritonea! implants or contiguous organs invaded by the 
primary tumor should be attempted because survival is 
improved when complete resection of the primary tumor 
without rapture is performed. For localized lesions, re- 
moval of all macroscopic disease by wedge excision ap- 
pears adequate because the addition of more extensive 
resection of either the primary organ or adjacent organs 
did not further increase survival. Despite such “curative 
surgery,” the majority of patients will develop recurrent 
disease. Thus, the development of more effective multi- 
modality edjuvant approaches is required to further im- 
prove survival for patients with gastrointestinal leiomyo- 
sarcomas. . 
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The Efficacy of Gallium Scintigraphy in Detecting — 
Malignant Soft Tissue Neoplasms 





HERBERT S. SCHWARTZ, M.D., and CLEMENT K. JONES, M.D. 


A prospective study was conducted on 55 consecutive patients 
to evaluate the efficacy of gallium scintigraphy in detecting ma- 
lignancy in any soft tissue mass. It was determined that gallium 
scintigraphy could detect malignancy with a sensitivity of 96% 
and a specificity of 87%. Large and small sarcomas, irrespective 
of their fascia] location, were identifiable by gallium imaging. 
Occult, nonpulmonary sites of disseminated disease were detected 
in 13%. Gallium scintigraphy proved to be a reliable predictor 
of malignancy for all soft tissue masses, but because of its cost, 
it must be used judiciously. 


ALLIUM-67 (°’Ga) citrate scintigraphy alone or 

in combination with technetium-99 diphos- 

phonate bone scintigraphy, has proved useful 
in the staging of soft tissue sarcomas of the extremities.“ 
Three retrospective studies have reported a combined 83% 
sensitivity for this modality in diagnosing the malignancy 
of a soft tissue mass. The single prospective report of the 
utility of gallium scintigraphy in evaluating soft tissue 
masses calculated a 72% sarcoma specificity.* This analysis 
considered only masses that were large (5 cm or greater 
in diameter), located beneath the deep fascia, or possible 
local recurrences. These four studies shared in common 
a population of patients whose diagnosis of soft tissue 
sarcoma was almost certain. 

Many individuals are referred to a surgical oncologist 
for the evaluation of a symptomatic mass that is less than 
5 cm in diameter or located within the subcutaneous tis- 
sue. Many have masses that may not be malignant and 
would benefit by that prebiopsy knowledge. Therefore, a 
prospective study was undertaken to report the predictive 
value of gallium imaging in detecting malignancy for all 
isolated soft tissue masses presenting to a musculoskeletal 
oncologist over a 2-year period. 
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Materials and Methods 
Populaiion 


Sixty-seven consecutive patients were referred with an 
isolated soft tissue mass larger than 1 inch (2.5 cm) in 
diameter, extra-articular in location, situated either be- 
neath or superficial to the deep fasica, and having no pre- 
vious history of neoplasm to rule out malignancy. Clin- 
ically obvious cases of infection, ganglions, or non-neo- 
plastic entities were not included in the study as 
determined by careful examination. No individual with 
a suspected tumor recurrence or a biopsy within 2 weeks 
before scintigraphy was included.* 

Twelve patients were excluded from final review for 
failure to meet all criteria (3), or because excisional biop- 
sies before referral left either microscopic or no residual 
disease (9), as determined postoperatively. The cohort 
population consisted of 55 patients. The patients ranged 
in age from 9 to 90 years, with a median age of 50 years. 
There were 21 men and boys and 34 women and girls in 
the study group. All masses were anatomically located in 
the extremities (45 patients) or limb girdles (10 patients). 


Radiopharmaceutical 


Gallium-67 citrate is cyclotron produced and emits ra- 
diation over a broad energy range from 93 to 880 KeV. 
The principal energy peaks are at 93, 188, 296, and 388 
KeV. Normally, °’Ga accumulates in the liver, spleen, 
and colon, with small amounts in the skeleton and bone 
marrow. Normal activity is seen in the nasopharynx, lac- 
rimal glands, salivary glands, and external genitalia. Up- 
take may be noted in breasts during pregnancy, lactation, 
and after exogenous estrogen administration. Renal ex- 
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cretion is the predominant mechanism of elimination 
and after exogenous estrogen administration. Renal ex- 
during the first 24 hours; therefore, symmetric visualiza- 
tion of kidneys in the 24-hour scan is not unusual. 

The exact mechanism of gallium localization in tumors 
and inflammatory lesions is unclear; however, reports 
demonstrate accumulation in lysosomal-like granules 
within viable cells.” Subsequently, °’Ga was found to bind 
to human lactoferrin and transferrin on the surface of 
granulocytes and lymphocytes but not on red blood 
cells.°’ 

The adult dosage of °’Ga was 45 „Ci per kilogram of 
body weight. Pediatric dosage ranged from’ 45 to 90 uCi/ 
kg as determined by the radiologist. If turbidity was noted 
in the vial, the radiopharmaceutical was discarded. Gal- 
lum citrate was acquired from E.I. Dupont de Nemours 
and Co. (Billerica, MA 01862). 

Gallium-67 was administered intravenously over 3 
minutes. The time interval between administration and 
early scanning was 24 to 48 hours, and late scanning, 72 
hours. Patients were asked to empty their bladders before 
scanning, and, in addition to orally administered castor 
oil and a Clysodrast (Armour Pharmaceutical, Blue Bell, 
PA) enema, additional enemas were frequently given if 
images were obscured because of bowel contents. Gallium 
scintigraphy was routinely performed as part of the staging 
workup for all patients with a soft tissue mass thought to 
be malignant. 


Imaging 


At our facility, Vanderbilt University Medical Center 
(VUMC), scintigrams were obtained on the Siemens 
“Digitrac” large field of view camera (Siemens Gamma- 
sonics, Inc., 2501 Barrington Road, Hoffman Estates, IL 
60195), which was fitted with a 15-inch diameter crystal 
and medium energy collimators. The scanner used three- 
pulse height analyzers to correspond to the three major 
photoenergy peaks. Static images of 1,000,000 counts of 
radiation per image were obtained in anteroposterior and 
lateral projections while the patient was supine on a 
Plexiglas table. The scanner’s resolution capability in- 
cluded lesions 1 cm in size or larger. 

The scintigraphic images were interpreted by one of 
three independent nuclear medicine specialists who had 
no knowledge of the cases except that a mass was present 
in each. Final assignment of scintigraphic intensity score 
was determined by one of the authors (HSS), who used 
the scale based on Kirchner and Simon.* Any abnormal 
area of uptake was compared relative to liver intensity: 
4+ > liver, 3+ = liver, 2+ > adjacent tissue but < liver, 
1+ equivocal, 0 = no uptake. 
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Results 


All 55 patients had definitive resection to ascertain the 
true pathologic diagnosis and correlate the size and lo- 
cation of the tumor. All gallium scans were available for 
review. The working hypothesis assumed that increased 
scintigraphic activity signified malignancy. There were no 
complications associated with °’Ga citrate administration 
or imaging. 

Only six soft tissue masses were smaller than 5 cm in 
diameter and greater than 2.5 cm. These were a heman- 
gioma, angiosarcoma, adenoma, malignant fibrous his- 
tiocytoma (MFH), epithelioid sarcoma, and neurilemoma. 
The neurilemoma and epithelioid sarcoma were located 
beneath the deep fascia. Therefore, there were three ma- 
lignant neoplasms in this study that were smaller than 5 
cm in diameter. The MFH and epithelioid sarcoma were 
gallium positive. 

Seven of forty-nine masses were 5 cm or greater in di- 
ameter at the time of gallium imaging and were located 
in the subcutaneous tissue. Three of the six represented 
malignant pathologies (MFH, angiosarcoma, and non- 
Hodgkin’s lymphoma). Table 1 delineates the diagnoses, 
patient number, scintigraphic intensity, and location of 
the soft tissue masses in the study population. Table 2 
outlines the location and size distribution of the 55 pri- 
mary soft tissue masses studied. 

There were four false-positive scintigraphic results de- 
tected when comparing the scan with the primary site of 
pathology. Neurofibroma, hemangioma, toxoplasmosis, 
and myositis constituted the diagnoses of false-positive 
images. . 

One false-positive result was detected relative to a non- 
primary site of scintigraphic abnormality. In this case, a 
patient had a gallium-positive liposarcoma in the anterior 
compartment of the thigh and a concurrent, contralateral 
scintigraphically positive adrenal. Two computed tomog- 
raphy (CT)-directed needle biopsies of the adrenal proved 
negative for any neoplasm. One year of image follow-up 
has not shown any change in the size of the adrenal. 

A single false-negative gallium scan of the primary soft 
tissue mass was detected in this study. A subcutaneous 
high-grade angiosarcoma, 3 cm in diameter, was resected 
from the mid-distal calf of a 73-year-old woman, whose 
primary tumor site was gallium negative. Interestingly, 
an ipsilateral external iliac lymph node detected as positive 
on the scintigram, and not palpable on examination of 
this obese woman, was identified. Open biopsy of this 
node confirmed the diagnosis of regionally metastatic an- 
giosarcoma (Fig. 1). 

The sensitivity, specificity, and positive predictive value 
of gallium scintigraphy in detecting malignancy of masses 
in the soft tissues was 96%, 87%, and 85%, respectively. 
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TABLE |. Staging Analysis by Gallium Sciztigraphy in 55 Patients 








Scintigraphic Results* Fascia 
Histogenesis No. of Patients Primary Metastases Deep Subcutaneous 

Malignant fibrous 

histiocytoma 7 2+ 2 
Liposarcoma 4 2+ 2+(N=1,8 = It 4 0 
Non-Hodgkin’s 

lymphoma 4 3+ 3 + (N = 4,58 = 8) 3 l 
Fibrosarcoma 2 2+ 2 0 
Synovial sarcoma 2 2+ 2+(N=1,S= 1) 2 0 
Angiosarcoma 2 l+ 2 +(N=2,S = 3) 0 2 
Other malignancies § 3 2+ 3 0 
Lipoma 8 0 6 2 
Hemangioma 5 trace f 4 I 
Myxoma 2 0 2 0 
Other benign || 6 trace} 5 I 
Infection Í 4+ j! 0 
Nonneoplastic! 9 tracet 7 2 





* Average intensity. 

+ Noninfectious false-positive result. 

t False-negative result. 

§ One each: epitheloid sarcoma, hemangiopericytoma, and adenocar- 
cinoma. 

| One each: desmoid, neurilemoma, neurofibroma, benign fibrous 


Discounting the single case of toxoplasmosis infection, 
gallium scintigraphy yielded a specificity of 90%. Thirteen 
nonpulmonary sites of increased gallium uptake were de- 
tected in eight patients. Seven patients had a true positive 
gallium study for nonpulmonary distant disease, con- 
firmed by needle biopsy. Thus, seven of 55, or 13%, of 
individuals had their clinical tumor stage altered because 
of the results of gallium scintigraphy. 

Non-Hodgkin’s lymphoma was the single neoplasm 
most consistently gallium intense (Fig. 2). Other neo- 
plasms, irrespective of whether they were the primary or 
secondary sites, had no characteristic radiointensity. Po- 
sition relative to the deep fascia or anatomic location of 
the mass did not appear to directly influence the uptake 
of radioisotope by the neoplasm. 


Discussion 


A prospective study was conducted to evaluate the ef- 
ficacy of gallium scintigraphy in differentiating benign 
from malignant soft tissue masses irrespective of size and 
location relative to the deep fascia. It was determined that 


TABLE 2. Location and Size Distribution of Soft Tissue Masses 


Smali Large 
Fascial Location (2.5 cm < x <5 cm) (x 25 cm) Total 
Subcutaneous 4 7 11 
Deep 2 42 44 


Total 6 49 55 


histiocytoma, adenoma, and chondroma. 

{ Three ganglion cysts, two hematomas and lipodystrophies, one my- 
ositis and cystic hygroma. 

N, no of patients; S, no. of nonpulmonary metastatic sites detected 
by gallium scintigraphy. 


gallium: scintigraphy could detect malignancy with a sen- 
sitivity of 96% and a specificity of 87%. A range of his- 
tologies, sizes, and mass locations were examined as pre- 
senting to a referral center over a 2 period. Obviously 
non-nedplastic cases were not included in the study group. 
This study differs from others previously reported in that 
it is prospective and includes clinically suspicious super- 
ficial masses that are less than 5 cm in diameter and larger 
than 2.5 cm. 

The results indicate that gallium scintigraphy is quite 
accurate in predicting whether or not a soft tissue mass 
is malignant. Additionally, this study corroborated the 
findings. of Finn et al.” that gallium scintigraphy is capable 
of detecting nonpulmonary sites of disseminated disease. 
This occurred in 13% of patients. Gallium scintigraphy 
proved to be an important imaging modality for the ac- 
curate staging of soft tissue sarcomas and non-Hodgkin’s 
lymphomas. 

The cost of radiopharmaceuticals was $188.50 per dose. 
A whol2 body scan for an outpatient examination was 
$353.7C versus $442.15 for inpatients. The nuclear med- 
icine radiologists’ interpretation fee was $104.50. The total 
fees/costs ranged from $646.70 for an outpatient study to 
$735.15 for inpatients. Thus, a gallium scan is expensive 
and it must be used judiciously. 

Gallium scintigraphy is sensitive in detecting soft tissue 
sarcomas, but not quite as specific because of its uptake 
in inflammatory lesions. Thus, any soft tissue mass that 
is galium positive must include infection, benign infam- 
matory lesions, lymphoma, and sarcoma in the differential 
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FIG. 1. °’Ga citrate scintigram at 72 hours in a patient with a primary angiosarcoma located subcutaneously in the mid-distal calf. (A, left) Lateral 
view of the involved calf. False-negative scan of a 3-cm-diameter lesion. (B, right) Frontal view of thighs and inferior pelvis. True-positive scan 
reflecting regional metastasis to an ipsilateral external iliac lymph node. 


diagnosis. The specificity of gallium imaging for soft tissue 
malignancy approaches 90% only in a carefully scrutinized 
patient population, such as that of a musculoskeletal on- 
cologist, where infections and many non-neoplastic lesions 
can be excluded clinically. 

The sensitivity of gallium scintigraphy for detecting 
small soft tissue sarcomas has been questioned. Four of 





FIG. 2. “Ga citrate scintigram at 72 hours in a patient with non-Hodgkin’s 
lymphoma. A large quadriceps neoplasm is shown with an ipsilateral 
testicular site of tumor. Note the extreme gallium intensity of this specific 
neoplasm. 


seven normal gallium scintigrams were noted in patients 
who had tumors less than 5 cm in diameter in one ret- 
rospective study.” Kaufman suggested that tumors smaller 
than 2 cm in diameter can have false-negative gallium 
scans.’ This study determined that two of three small (less 
than 5 cm in diameter) soft tissue sarcomas had true- 
positive gallium scans. We are unable to explain the only 
false-negative scintigram in a patient with angiosarcoma, 
except that fortuitously this same patient had a positive 
scintigram for ipsilateral external iliac lymph node me- 
tastasis. Earlier studies performed gallium scintigraphy 
with a rectilinear scanner, which has been replaced with 
recent versions of the gamma camera. Improved instru- 
mentation has increased the sensitivity of gallium imaging. 

In conclusion, gallium scintigraphy proved to be a re- 
liable predictor of malignancy for all soft tissue masses. 
Discounting clinically detectable cases of infection, it has 
a sensitivity and specificity approximating 90% for de- 
tecting soft tissue malignancies. No morbidity was asso- 
ciated with radioisotope administration in this study: 
however, the cost to the health care system approaches 
$1000 per individual examination. Clearly, gallium im- 
aging should not be ordered for every suspicious soft tissue 
mass detected by the inexperienced examiner. A thorough 
clinical examination by a physician familiar with man- 
aging neoplasms of the musculoskeletal system can iden- 
tify a small population of individuals likely to harbor a 
malignancy. Gallium scintigraphy can serve at least two 
important roles in this situation. It can preoperatively aid 
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in differentiating benign from malignant neoplasms and 
thus may offer the patient a conservative treatment option. 
Additionally, gallium scintigraphy can be used to accu- 
rately stage disease extent in soft tissue sarcomas because 
of its ability to detect occult nonpulmonary metastases. 
Gallium scintigraphy also may prove to have an important 
role in the long-term evaluation of individuals with the 
potential of tumor recurrence after initial soft tissue sar- 
coma management. 
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Flow Volume Loops in Patients With Goiters 
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MICHAEL KIERNAN, and NIALL J. O'HIGGINS, M.D., F.R.C.S.I. 





Plain radiology is the standard means of assessing upper airway 
obstruction in patients with goiters. Flow volume loop curves 
will provide additional information, because they allow a quan- 
titative assessment of airflow dynamics in the respiratory cycle. 
Fifty-one patients had flow volume loops performed before and 
after thyroidectomy. There was a significant increase in the 
maximum inspiratory flow rate 3.9 + 0.2 versus 4.9 + 0.2 L/ 
second, p < 0.01) after thyroidectomy. Eight of twelve patients 
with normal tracheal radiology had improved airflow dynamics 
in the postoperative period. The flow volume loop curve is a 
simple noninvasive means of assessing airflow dynamics in pa- 
tients with goiters and may be superior to conventional radiology. 


PPER RESPIRATORY TRACT obstruction is a well- 

recognized complication of thyroid disease and 

up to 45% of patients with goiters have symp- 
toms suggestive of upper airway obstruction.' Plain ra- 
diology of the thoracic inlet is the standard way of iden- 
tifying this complication. This investigation, however, 
provides a static measurement only of the upper respi- 
ratory tract and gives no information on airflow dynamics 
in the upper respiratory tree. 

Flow volume loop curves are a simple noninvasive 
method of assessing upper airway obstruction.” They pro- 
vide a quantitative assessment of airflow in both inspi- 
ratory and expiratory phases of the respiratory cycle, and 
the shape of the flow volume loop curve can also identify 
the site of upper airway obstruction. This study evaluates 
the use of flow volume loops in patients with goiters and 
compares conventional radiology with the flow volume 
loop curve in the detection of upper respiratory tract ob- 
struction. 
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Materials and Methods 
Patients 


A total of 51 patients undergoing thyroidectomy in the 
period 1986 to 1989 were entered into the trial. The mean 
age was 49 years (range, 18 to 76 years) and the male: 
female ratio was 8:1. Patients with a history of ischemic 
heart disease, asthma, or chronic obstructive airways dis- 
ease were excluded from the trial. All patients had indirect 
laryngoscopy performed preoperatively, and the vocal 
cords also were examined at extubation after thyroidec- 
tomy. Symptoms of upper airway obstruction were doc- 
umented preoperatively and 1 month after surgery. Tho- 
racic inlet x-rays (anteroposterior and lateral) were per- 
formed before surgery. The type of surgery carried out 
and histology of the resected gland are shown in Table 1. 
All patients had cervical goiters alone on clinical exami- 
nation, and four patients had minimal retrosternal exten- 
sion at surgery. 


Flow Volume Loop Curves 


Preoperative flow volume loop curves were performed 
at admission for thyroidectomy, and postoperative values 
were obtained a minimum of 4 weeks after surgery. Flow 
volume loop curves were constructed as described by 
Miller and Hyatt.? Each patient performed a maximal 
forced expiratory maneuver followed by forced inspira- 
tion, which was recorded using a Fleish type pneumotach 
(Vitalograph/Compact, Buckingham, UK). The respira- 
tory maneuver was recorded by a sensitive pressure trans- 
ducer that produced an electrical signal. A microprocessor 
computed the data and displayed the results on a screen. 
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TABLE |. Type of Surgery and Histologic Findings 
Variable No. of Patients 


Operation (n = 51) 


Lobectomy and isthmusectomy 35 
Subtotal thyroidectomy 14 
Total thyroidectomy 2 
Histologic findings 
Multinodular goiter 24 
Adenoma 14 
Graves’ disease 8 
Cancer 5 


These then were printed on electrosensitive paper for a 
permanent record (Fig. 1). All flow volume loop curves 
were supervised by one technician well versed in the tech- 
nique. A minimum of three respiratory maneuvers were 
performed, and the maximum respiratory effort was re- 
corded. The criteria selected by the American Thoracic 
Society (ATS) were used to select the Best Test automat- 
ically. The ATS criteria specifies that the two Best Tests 
should be within 5% of each other,’ and only flow rate 
volumes that conformed with this specification were in- 
cluded in the study. 


Statistical Analysis 


Results are presented as mean plus or minus standard 
error of the mean (mean + SEM). Pearson’s correlation 
coefficient and Student’s t test were used for data analysis. 


Exp. 


L/Sec 0 


i 2 4 Vol. (L) 


Fic. 1. Normal flow volume loop curve showing the inspiratory and 
expiratory phases of the respiratory cycle. 
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TABLE 2. Respiratory Flow Rates in Goiters Before 
and After Operation 


Before Operation After Operation 

Maximun inspiratory flow rate 

(L/sec_ 3.9+0.2 4.9 + 0.2* 
Inspirato-y Vinax 50 (L) 3.7402 4.7 + 0.2* 
Maximum expiratory flow rate 

(L/sec} 5.4 + 0.3 6.3 + 0.34 
Expiratory Vinax 50 (L) 3.8 + 0.2 4.1 +0.2 

Mean — SEM. 

*p<COl. 

tp < 005. 

Results 


Flow Volume Loop Curves 


There was a significant improvement in the maximum 
inspiratory flow rate and the inspiratory V max50 in patients 
after thy-oidectomy (Table 2). This improvement, how- 
ever, was less marked in the expiratory phase of the flow 
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Fic, 2. Individsal values for maximum inspiratory flow rates before and 
after operation in patients with (A, top) tracheal narrowing, (B, center) 
tracheal deviation, and (C, bottom) normal tracheal radiology. 
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volume loop (Table 2). Thoracic inlet studies were avail- 
able on 50 patients and divided into three separate groups 
to allow comparison with the flow volume loop curves. 

In group A, the trachea was narrowed (n = 21); in group 
B the trachea was deviated but not narrowed (n = 17); 
and in group C the trachea was normal (n = 12). 

There was a significant increase in the mean maximum 
inspiratory flow rate postoperatively in patients in group 
A (Fig. 2A, p < 0.05). There was also an increase in the 
maximum inspiratory flow rate in patients in groups B 
and C (Fig. 2B, C), but this was not statistically significant. 

The mean weight of gland resected was 113 g (range, 
14 to 700). There was no correlation between the weight 
of thyroid gland removed and the change in the maximum 
inspiratory flow rate postoperatively (r = 0.25, p = not 
significant [NS]). There was also no correlation between 
the weight of gland removed and other variables of the 
flow volume loop. 


Symptoms of Airway Obstruction 


The change in the maximum inspiratory flow rate 
(AMIFR) in asymptomatic and symptomatic patients in 
the three groups is given in Figure 3. There was no sig- 
nificant difference in the AMIFR between symptomatic 
and asymptomatic patients in groups B and C (Fig. 3B 


AM.LF.R 


{L/SEC] 5 





SYMPTOMATIC 


ASYMPTOMATIC 





ASYMPTOMATIC 


FLOW VOLUME LOOP IN GOITERS 85 


and C). There was a significant increase in the AMIFR 
in symptomatic patients with tracheal narrowing when 7 
compared with those with no symptoms (0.58 versus 1.63 

L/mm, p = 0.05). 


Discussion 


The results of this study show that thyroidectomy is 
associated with an overall improvement in airflow dy- 
namics postoperatively that occurs principally in the in- 
spiratory phase of the flow volume loop curve, This finding 
is also in agreement with the fact that most patients studied 
had cervical goiters with minimal retrosternal extension, 
and this flow volume loop pattern has been reported pre- 
viously by Miller and Hyatt.’ 

Plain radiology of the upper airways is the most com- 
monly used investigation to detect upper airway obstruc- 
tion. The present study compared the use of flow volume 
loop curves and standard thoracic inlet studies in assessing 
upper respiratory obstruction. Patients with tracheal nar- 
rowing had the greatest improvement in both the maxi- 
mum inspiratory flow rate and the inspiratory V max50 In 
the post operative period, whereas postoperative flow vol- 
ume loop curves improved to a lesser extent in patients 
with tracheal deviation alone. This study demonstrated 
an improvement in postoperative flow volume loop curves 
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Fic. 3. Change in the maximum inspiratory flow rate (AMIFR) in symptomatic and asymptomatic patients with (A, left) tracheal narrowing (p 
< 0,05), (B, center) tracheal deviation (p = NS), and (C, right) normal tracheal radiology (p = NS). 
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in patients with normal tracheal radiology, although this 
did not reach statistical significance. This result suggests 
that normal tracheal radiology does not exclude the pres- 
ence of abnormal upper airway dynamics and that flow 
volume loops may be a more sensitive method of detecting 
upper airway obstruction in this patient population. This 
finding is in agreement with that of Jauregui et al.,! who 
showed that flow volume loops confer additional advan- 
tage on conventional radiology alone in the diagnosis of 
upper airway abnormalities. This study also shows that 
plain x-rays remain an important aid to diagnosis because 
those patients with symptoms and tracheal narrowing were 
the only group to show a significant increase in the post- 
operative maximum inspiratory flow rate. 

Flow volume loops have been used primarily to detect 
upper airway dynamics in patients with asthma or chronic 
obstructive airways disease.2° They are now being used 
with increasing frequency to diagnose upper airway ob- 
struction in patients with goiters.° Miller and Hyatt? used 
flow volume loops to quantify abnormal airflow dynamics 
due to strictures of the trachea and and underlined the 
importance of the contour of the loop in identifying the 
site of airway obstruction. Jauregui and colleagues! dem- 
onstrated that 60% of their patients with goiters had upper 
airway obstruction detected by flow volume loop curves 
and that medical management was associated with a re- 
duction in the size of the goiter and an improvement in 
the flow volume loop. The volume of the thyroid gland 
in that study was assessed clinically, however, and not by 
conventional radiology. In a larger series, Miller and 
associates® showed that 31% of patients with goiters had 
flow volume loop detected upper airway obstruction and 
that thyroidectomy was successful in improving the post- 
operative flow volume loop in over 90% of patients. This 
improvement is higher than that reported in the present 
study. This discrepancy can be explained by the fact that 
only four patients in the present study had retrosternal 
extension, whereas that reported by Miller et al.° had ret- 
rosternal extension in half of their patients undergoing 
thyroidectomy. The present study therefore suggests that 
the prevalence of abnormal upper airway dynamics in 
patients with cervical goiters may be higher than previ- 
ously reported. One interesting finding in this study was 
the lack of correlation between the change in the post- 
operative flow volume loop values and the weight of gland 
resected. This result suggests that the size of the gland 
does not necessarily correlate with the presence of respi- 
ratory obstruction. 
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A number of different methods have been used to di- 
agnose abnormal airflow dynamics in the respiratory tree, 
the commonest of which include timed forced expiratory 
volume and the ratio of forced expiratory volume to the 
peak expiratory flow rate. There is disagreement concern- 
ing the threshold value of the ratio diagnostic of upper 
airway obstruction,’ and it has been shown that flow vol- 
ume loops are superior to this ratio in detecting abnormal 
airflow dynamics.° One source of error associated with 
the construction of flow volume loop curves is that they 
depend on both the effort and cooperation of the patient. 
It is therefore important that the patient is well instructed 
before carrying out the respiratory maneuver and that 
this is performed with maximum effort. To minimize 
these pctential errors, flow volume loops were supervised 
by one technician, and a minimum of three recordings 
were taken to obtain the maximum respiratory effort. 

The relief of airway obstruction represents an important 
aspect of surgery for thyroid disease. Flow volume loops 
are simpde to construct and provide a dynamic assessment 
of upper respiratory airflow. The present study shows that 
patients with goiters have abnormal airflow dynamics and 
that flow volume loops are a valuable adjunct to conven- 
tional radiology in diagnosing upper respiratory obstruc- 
tion. 
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December 20, 1990 
Dear Editor: 


In the November 1990 issue of Annals of Surgery, two articles 
were published supporting the routine use of selective venous 
sampling for the localization of functioning islet cell tumors of 
the pancreas. 

Dr. Nobin from Sweden, and Dr. Norton from the National 
Institutes of Health in Bethesda, Maryland, are recognized ex- 
perts in this field, and their contributions are worthy of study. 
Although the authors recommend that selective venous sampling 
should be used in all patients, Norton, in particular, states that 
intraoperative ultrasonography has been one of the most signif- 
icant advances in the management of these patients in the past 
decade. In Norton’s series, intraoperative ultrasonography was 
positive in 10 of 11 patients, in contrast to 9 of 11 for selective 
venous sampling, and only 5 of 11 for surgical palpation. In 
Nobin’s series, venous sampling was positive in 100% of insu- 
linoma patients in whom the study was performed. 

Our group has not embraced selective venous sampling in the 
evaluation of previously unoperated islet cell tumors, insulin- 
omas, in particular. We continue to believe that the combination 
of surgical palpation combined with preoperative and intra- 
operative ultrasonography remains both highly accurate and cost 
effective (29 of 30 recent patients). We are of the current opinion 
that, in most patients with functioning islet cell tumors, pre- 
operative ultrasonography is the only localizing technique re- 
quired if this can be combined with experienced intraoperative 
palpation of the pancreas and the routine use of intraoperative 
ultrasonography to aid not only in tumor localization, but in 
demonstration of important pancreatic ductal and vascular 
anatomy. 


JON A. VAN HEERDEN, M.D. 
CLIVE S. GRANT, M.D. 
Rochester, Minnesota 


February 5, 1991 
Dear Editor: 


One of the purposes of our paper was to show that selective 
venous sampling in experienced hands may help the surgeon 
with the diagnosis and localization of endocrine pancreatic tu- 
mors. We also stated that selective venous sampling is not nec- 
essary in all cases. When clinical, laboratory, and less invasive 
procedures are conclusive, the selective venous sampling is 
needless. 

Consequently, we agree with Drs. van Heerden and Grant 
that a less invasive localization technique is preferred, but when 
there are difficulties, the selective venous sampling is worth using, 
providing you are familiar with the technique. 

We admit that intraoperative palpation and ultrasonography 
could have been mentioned in the discussion, but our aim was 
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to show what can be obtained by selective venous sampling and 
not the gros and cons of different procedures. 


HANS MARTENSSON, M.D., PH.D. 
Helsingborg, Sweden 


February 15, 1991 
Dear Editor: 


It is difficult to compare the results of the 30 patients by Drs. 
van Heerden and Grant in their letter with those in the present 
study, because in most series up to 80% of insulinomas can be 
identified preoperatively by angiogram and are usually found 
by palpation alone at surgery. Our series does not include these 
patients because all of our patients had negative preoperative 
imaging studies, and in patients with negative imaging studies, 
the tumor can be more difficult to find at surgery. We agree with 
Drs. van Heerden and Grant from the Mayo Clinic that in most 
patients with sporadic insulinoma (non-Multiple Endocrine 
Neoplasia type | patients), the use of preoperative portal venous 
sampling (PVS) of the portal vein and its tributaries for insulin 
concentration may not be necessary. Several important facts 
must be considered, however, before one can totally exclude the 
use of PVS in these patients and endorse their proposed approach 
to these patients. First, insulinomas are rare tumors. A recent 
study from Ireland suggests that the incidence of insulinoma is 
as low as 0.5 persons per million per year, suggesting that few 
surgeons will have a large experience with these tumors. Second, 
unlike gastrinomas that commonly occur in either the duodenum 
or the vancreatic head (the gastrinoma triangle), insulinomas 
are uniformly distributed throughout the pancreas. Third, in the 
20% of all patients with insulinoma with negative preoperative 
arteriography, the tumor may be difficult to find. These patients 
may be more difficult to manage than the vast majority of pa- 
tients, such as in the Mayo series, who would have had routine 
preoperative radiographic localization. Fourth, unlike our col- 
leagues, we would never select ultrasound as the only preoper- 
ative localizing test for insulinoma because in our experience it 
only has a 25% true-positive rate compared with artericgraphy, 
which nas an 80% success rate. Fifth, in our experience and the 
experience of others, PVS has the greatest ability to provide 
correct preoperative localizing information and is accurate in 
between 75% and 100% of patients. Sixth, the medical manage- 
ment of the hypoglycemia in patients with insulinoma is gen- 
erally not very satisfactory. Finally, because insulinomas in pa- 
tients with sporadic disease are usually small benign solitary 
tumors, the goal of surgery is precise intraoperative localization 
with enucleation of tumor instead of blind resection of normal 
structures, including possibly duodenum, pancreas, and spleen. 

It may be that we would have found all of these tumors with 
the use of palpation and intraoperative ultrasound (IOUS) with- 
out the use of PVS, as van Heerden and Grant suggest, but it 
does not appear that we would have found all these tumors with 
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only palpation, as Daggett and others have suggested (Lancet 1: 
483, 1981). Because of the frequent unsatisfactoriness of medical 
management for long-term hypoglycemia if a tumor is missed 
in these patients with negative preoperative imaging, however, 
the potential benefits of PVS is substantial. We have convincingly 
demonstrated that PVS is the single best preoperative localizing 
study and that intraoperative ultrasound (IOUS) is the single 
best intraoperative localizing maneuver. From a patient’s per- 
spective, if one had a rare, potentially life-threatening disease 
that had limited medical options for treatment, what would one 
want? From the viewpoint of cost-effectiveness, would it be cor- 
rect to withhold a study that provides useful localizing infor- 
mation in at least three of four patients? The most cost-ineffective 
result would be unsuccessful surgery with persistent hypogly- 
cemia. We have successfully avoided that problem in all but one 
of 12 patients with the methods described. Because of the rare 
nature of the problem and the remarkable success of our study 
(92%) in this subset of insulinoma patients with negative pre- 
operative arteriographic studies, one can only do the same or 
worse by eliminating either PVS or IOUS, and not better. 


A. NORTON, M.D. 
H. SHAWKER, M.D. 
L. DOPPMAN, M.D. 
L. MILLER, M.D. 
L. FRAKER, M.D. 
T. CROMACK, M.D. 
P. GORDEN, M.D. 

R. T. JENSEN, M.D. 
Bethesda, Maryland 


J. 
T 
J. 

D. 
D. 
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March 8, 1991 
Dear Editor: 


The article “Mastectomy Following Preoperative Chemo- 
therapy” by Broadwater et al., published in the February issue 
of Annals of Surgery, contains misleading conclusions based on 
inappropriate comparisons between small and widely disparate 
groups of surgical patients. The preoperative chemotherapy 
group received less extensive surgery (12% modified radical 
mastectomy) compared with the mastectomy-alone group (61% 
modified radical mastectomy). Details of postoperative che- 
motherapy and radiotherapy are omitted. 

The authors observe that there is no statistically significant 
difference between groups with respect to wound infection, ne- 
crosis, or delay in institution of postoperative chemotherapy, 
but fail to acknowledge that the trends observed are contrary to 
their null hypothesis (and could, conceivably, achieve statistical 
significance given a larger sample size). Stratification to determine 
differences in complication rates between appropriate groups by 
controlling such parameters as tumor size, local grave signs, or 
extent of surgery is not done. The “statistically significant” de- 
crease in seroma rate observed in the preoperative chemotherapy 
group is not surprising because only 12% of that group received 
a full axillary dissection (versus 61% in the mastectomy-alone 
group). Although there was no significant difference between 
groups tn the number of lymph nodes in the operative specimens, 
the numbers of nodes obtained are quite small-(and-documen- 
tation of how the nodal statistics are derived is not provided). 
The seroma rate of 28% in the mastectomy-alone group seems 
unusually high when compared with other modern surgical series. 

The authors observe a significant decrease in overall survival 
among neoadjuvant patients when chemotherapy was delayed 


more than 30 days, but are unable to stratify this by stage or . 


performance status. Similar analysis of the mastectomy-alone 
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group is not provided. Although “significance” was not achieved 
between the 30% of neoadjuvant patients and the 20% of the 
“control” patients whose postoperative systemic therapy was 
delayed, there 1s an absolute difference that might become sig- 
nificant with larger sample size. If delaying postoperative che- 
motherapy truly imparts a negative survival advantage, preop- 
erative chemotherapy could conceivably be detrimental to sur- 
vival. 

The authors summarize that patient survival has improved 
with the use of preoperative therapy, but such a claim has been 
substantiated by neither their own study nor by randomized 
prospective trials comparing preoperative with standard post- 
operative chemotherapy. The case for neoadjuvant chemother- 
apy has been largely based on inappropriate comparisons be- 
tween outdated historical control groups who received no che- 
motherapy and highly selected, favorable subgroups from 
nonrandomized neoadjuvant trials. At the Medical College of 
Virginia, a group of 118 patients with stage III breast cancer 
(1983 AJCC criteria, including 13 patients with stage IIIB in- 
flammatory disease) treated with primary surgery and standard 
postoperative chemotherapy for positive nodes demonstrated a 
median survival of 69 months.' By comparison, the median 
survival of 54.3 months cited by the authors does not constitute 
an improvement in patient survival. Similarly modern prospec- 
tive series using postoperative chemotherapy for locally advanced 
breast cancer document overall survival rates comparable to 
those touted by advocates of neoadjuvant therapy.*? 
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JAMES L. FRANK, M.D. 
Springfield, Massachusetts 


June 25, 199] 
Dear Editor: 


The purpose of our study was to examine the morbidity of 
aggressive preoperative chemotherapy in patients with advanced 
breast cancer to (1) determine if preoperative chemotherapy was 
safe, and (2) evaluate if our criteria for the timing of surgery 
were appropriate. This paper was not designed to analyze the 
efficacy of preoperative chemotherapy in the management of 
patients with stage IH breast cancer. 

There seems to be much confusion regarding the nomencla- 
ture for mastectomy. Extended simple mastectomy (ESM) is a 
mastectomy including a level I and level II axillary lymph node 
dissection. Modified radical mastectomy (MRM) is the same 
operation with the addition of removal of the level III lymph 
nodes. In this study and a previous analysis that we performed, 
these two operations are essentially equivalent with respect to 
morbidity and postoperative complication rates.’ All patients 
with advanced primary breast cancer had the same postoperative 
chemotherapy and radiotherapy. 

We agree with Dr. Frank that the sample size in our study is 
small and that a beta error effect could exist. This study, however, 
remains the only attempt in a large patient population with pre- 
operative chemotherapy and mastectomy to define operative 
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risk and evaluate criteria for timing of surgery. No significant 
increase in morbidity rate was documented by this study. We 
are confused by Dr. Frank’s comments that seroma rates of 28% 
are unusually high; most studies document comparable (10% to 
35%) seroma rates.* 

Although we did not try to make a case for preoperative che- 
motherapy improving patient survival, we were interested in 
determining if surgical complications that delayed the reinsti- 
tution of systemic therapy might impact survival. A delay in 
instituting postoperative therapy in advanced primary breast 
cancer has previously been shown by us to impact survival, and 
this study only confirms and supports the previous report.’ Dr. 
Frank is correct in stating that preoperative chemotherapy has 
not been shown to improve survival when compared with post- 
operative chemotherapy. Certainly, he would agree that all pa- 
tients with advanced primary breast cancer should have aggres- 
sive systemic therapy. In addition, preoperative chemotherapy 
minimizes the extent of surgery required for effective local disease 
control. In our series, all patients had mastectomy without the 
need for chest wall resection, or skin grafting. It is not appropriate 
for him to compare survival in his series with our group of pa- 
tients, because this analysis is meaningless. 

We continue to support the use of preoperative chemotherapy 
in patients with advanced primary breast cancer. The high re- 
sponse rates allow surgical resection without the need for skin 
grafting or chest wall resection. Our study supports the safety 
of preoperative chemotherapy, and our criteria for the timing 
of surgery after aggressive chemotherapy seem appropriate. This 
information remains important because several cooperative 
groups are now using preoperative chemotherapy in clinical trials 
for less advanced breast cancers. 
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June 19, 1991 
Dear Editor: 


The article by M. C. Wilhelm et al. (Nonpalpable Invasive 
Breast Cancer, 1991; 213:600-603) contains data for which there 
are alternate interpretations. First, the false-positive rate was 
72%, meaning that almost three fourths of all biopsies were non- 
beneficial. Second, the data are not population based and it is 
not known how many interval surfacing cancers occurred be- 
tween screens. Third, the types of breast cancers detected by 
screening are more biologically indolent and have an anticipated 
longer survival as a result of the length bias sampling inherent 


LETTERS TO THE EDITOR 89 


in the screening method as well as a lead time bias. Fourth, in 
the absence of a population based study with controls, the state- 
ment cannot be made that the probability of dying of breast 
cancer has been reduced. 

The fourth proposition has been reviewed by Eddy (Screening 
for Breast Cancer, Ann Intern Med 1989; 111:389-3993. Eddy, 
analyzing all population-based controlled clinical trials, con- 
cluded that no more than an average of 25 woman-days of life 
can be anticipated from mammographic screening. For every 
10,000 women screened for 10 years, there will be some 2500 
false-positive diagnoses with biopsy. The cost for the general 
population will be about 1.3 billion dollars per annum. 

The purpose of my comments is to raise caution in the in- 
terpretation of non—population-based, uncontrolled retrospective 
studies. They do not prove that the breast cancer problem is 
solved, and to imply that it 1s in such studies creates false ex- 
pectations leading to a myriad of additional medical, medico- 
legal, and fiscal problems. 


JOHN S. SPRATT, M.D. 
Louisville, Kentucky 


July 19, 1991 
Dear Editor: 


We appreciate the opportunity of replying to Dr. Spratt’s letter. 
We agree that retrospective institutional reviews require cautious 
interpretation. This paper sheds light on the prognosis of, and 
by extension, treatment requirements for women with invasive 
cancer detected by screening mammography. We do not think, 
however, that the breast cancer problem is solved. 

The false-positive rate of mammography was 83% at our in- 
stitution. This is similar to other large series, as outlined in the 
paper and discussion session. We believe that this is a major 
issue in breast cancer today. The high number of negative biop- 
sies performed in the United States strains resources, is psycho- 
logically devastating to women, and may keep women from 
screening. Research with techniques such as stereotaxic localized 
sampling is necessary to reduce the need for surgical biopsy. 
This issue is irrelevant to the subject of the paper, however. 

Similarly, Dr. Spratt’s second and last points on the role of 
screening are important, but of little bearing on the issues we 
raise in the paper. Although Eddy argues that breast cancer 
screening is at best minimally cost effective, there are ample 
controlled population based data that screening reduces breast 
cancer mortality. 

The last point is that screening-detected cancers are more in- 
dolent. As reviewed in our paper, we and others found metastatic 
nodal disease in screening-detected cancer with alarming fre- 
quency (about 20%). These women fare as poorly as women 
with larger tumors with involved nodes. For those without nodal 
metastases, this and other series, some with much longer follow- 
up, show that these women do exceptionally well. Indeed, they 
do much better than T1 NO groups in controlled adjuvant trials. 
This suggests that women with screening-detected, node-negative, 
invasive breast cancer are a subset for whom the adjuvant therapy 
beneficial for node-negative women in general is not necessary. 


MORTON C. WILHELM, M.D. 
STEPHEN B. EDGE, M.D. 
DIANE COLE, B.A. 

ELLEN S. DEPARADES, M.D. 
HENRY FRIERSON, M.D. 
Charlottesville, Virginia 
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LETTERS TO THE EDITOR 


September 26, 1990 


Dear Editor: 


We were very much pleased by the paper “Survival Following 
Locoregional Recurrence After Breast Conservation Therapy for 
Cancer” by Stotter et al., vol. 212, no. 2, pp 166-172. It is cer- 
tainly difficult to believe that a local recurrence after breast- 
conserving treatment (BCT) for breast cancer would not bear 
the inherent risk of metastases and subsequent death, just like 
a second primary. Until now, only one empirical study has con- 
firmed the hypothesis that, in the long run, survival after local 
recurrence would be impaired.’ 

We want to make some remarks with regard to the methods 
applied. 


(1) 


(2) 


No distinction was made between local (confined to the 
breast), locoregional (in both breast and lymph nodes), and 
regional (localized only in the lymph nodes) recurrences. 
This is certainly not appropriate, because the essential dif- 
ference between mastectomy and BCT is the possibility of 
recurrence in the preserved breast. Regional recurrences are 
not more frequent after breast-conserving treatment than 
after mastectomy. The treatment of the axilla is the same 
in both treatment modalities. It would have been more ap- 
propriate to perform this procedure for local and locoregional 
recurrences only. Now the relative survival deficit after BCT 
due to locoregional recurrence in comparison with mastec- 
tomy is probably overestimated. 

The validity of the exponential model applied (also known 
as the DEALE) is not shown. This model, using a decreasing 
exponential function for survival, assumes that the hazard 
rate is constant.*? This is probably not the case in breast 
cancer, especially not in the first 5 to 10 years after diagnosis.‘ 
Furthermore, Beck et al. showed that a decreasing exponen- 
tial survival function to estimate the life expectancy (which 
is the inverse of the hazard rate) only was valid in diseases 
with hazard rates exceeding 0.1 per year; otherwise mortality 
will be overestimated.” It is possible to compute the yearly 
mortality forces or hazard rates from the monthly values 
mentioned in the paper of Stotter et al. simply by multiplying 
them by a factor of 12. The yearly hazard rates, recalculated 
in this way, equal approximately 0.01 per year for stage 0 
patients, 0.032 per year for stage I patients, 0.05 per year 


. for stage H patients, and 0.11 per year for stage III patients. 


(3) 


l. 


2. 


3. 


Thus, the real survival deficit due to local recurrences will 
be somewhat lower than suggested in the paper. 

The really important point is not whether the survival deficit 
exists, but whether it is clinically important, if it exists. This 
might be explored by a clinical decision analysis, in which 
mathematical models can be applied to model the possible 
survival deficit, but also other factors, such'as age of the 
patient and quality of survival, can be integrated to come 
to a balanced: judgment about the potential impact of the 
local recurrence risk on the lives of breast cancer patients. 
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Lia C. G. VERHOEF, M.D. 

LUKAS J. A. STALPERS, M.D. 

PROF. WILLEM A. J. VAN DAAL, M.D. 
Nijmegen, The Netherlands 


October 29, 1990 


Dear Editor: 


We would like to thank Drs. Verhoef and Stalpers and Prof. 
van Daal for their interest in our paper. 
Taking their points in sequence: 


(1) In the part of our paper in which we compared the outcome 


in those of a cohort of patients with locoregional recurrence 
with the rest, we were able to take into account the site 
(breast and/or axilla) and extent of recurrence because we 
had that detailed information about our patients’ recur- 
rences. Thus, in our mathematical model, we apporiioned 
a hazard for locoregional recurrence according to its “stage.” 
A smaller hazard was apportioned for a small breast recur- 
rence not involving skin, and a larger hazard as tumor size 
increased, if poor-prognosis local features were present, and 
particularly if lymph nodes were involved (even if no breast 
recurrence was evident). When assessing the results of pub- 
lished trials, such detail was not possible because the precise 
location and extent of locoregional recurrences have not 
been included in the publications. 


(2) Gore et al. showed that hazard rates for treated breast cancer 


(3) 


patients are higher for higher-stage disease, increase during 
the first 1 to 4 years, and then decline and converge on a 
constant level. The initial rise was negligible for small tumors, 
however, the hazard rate being essentially constant with time, 
indicating that the exponential curve is a good approxima- 
tion in early-stage disease. The exponential model was chosen 
mainly for its simplicity, however. Our calculations then 
could be simple and, although the choice of curve influences 
the details of the predictions, it does not alter the overall 
pattern. We hoped thereby that our potential audience would 
not be put off: we wanted to obtain the attention of a wide 
range of clinicians; including those unfamiliar with such use 
of mathematical formulae and detailed statistical analysis. 
Our purpose was to reopen the issue of local recurrence and 
its possible impact on survival. Choosing the most accurate 
mathematical form to model the survival curve was consid- 
ered less important than getting the overall message across. 

If the choice of the exponential curve has led to an over- 
estimate of the hazard related to locoregional recurrence, 
our ignoring second and subsequent recurrences will have 
led to underestimation. The two may well balance out. 
We agree with the final points. We did not intend our paper 
to indicate that breast conservation treatment for early breast 
cancer should be eschewed. We are suggesting a small risk 
affecting a minority of patients. It will regularly be out- 
weighed in the older patient, the unfit, and particularly in 
the woman keen to preserve her breast. 
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ANNE STOTTER, PH.D., F.R.C.S. 
Leicester, England 


Vol. 215+ No. 1 


November 27, 1990 
Dear Editor: 


Stotter et al. studied the survival risk of local recurrence after 
preservation surgery.’ Most of the patients returned with recur- 
rences that were larger than their primary lesions. Was the sur- 
vival hazard of local recurrence confined to this group of patients? 
Over the past 10 years, I have suggested that patients who survive 
their first breast cancer without developing distant disease can 
be expected to survive a similar volume of tumor in adjacent 
breast or lymphatic tissue.” Stotter’s data are consistent with 
this thesis. 

The authors cite the second Guy’s Hospital trial in which 
patients with stage I disease benefitted from mastectomy. The 
survival benefit was actually confined to patients with T1 lesions.‘ 
The surgical practice at M. D. Anderson Hospital is the opposite 
of that concluded by this trial. The authors did not explain this 
paradox, for which I have previously offered an explanation.° 
Do Balch and his co-authors find any fault with my explanation? 

They concluded that 10,000 patients would have to be mon- 
itored for more than 10 years to detect the survival hazard of 
locoregional recurrence. Because no consistent survival advan- 
tage has been shown for adjuvant radiation, patients should be 
informed that the survival benefit of radiation is negligible or 
very small indeed. 


References 


1. Stotter A, Atkinson EN, Fairston A, et al. Survival following lo- 
coregional recurrence after breast conservation therapy for cancer. 
Ann Surg 1990; 212:166-172. 

2. Evans R. Host resistance to carcinoma of the breast. South Med J 
1980; 73:1261—1263. 

3. Evans R. The “seed and soil” hypothesis and the decline radical 
surgery: a surgeon’s opinion. Tex Med 1990; 86:85-89, 

4. Hayward J, Caleffi M. The significance of local control in the primary 
treatment of breast cancer: Lucy James Wortham Clinical Re- 
search Award. Arch Surg 1987; 122:1244~1247. 

5. Evans R. Natural killer cells and the Guy’s Hospital trials [letter]. 
Arch Surg 1988; 123:914-915. 


RICHARD A. EVANS, M.D. 
Houston, Texas 


January 12, 1991 
Dear Editor: 


One of the most important points we wished to make in our 
paper was that it was not possible to prove, or disprove, a survival 
hazard due to local recurrence. This is partly because local re- 
currence is not a frequent event; partly because the likely effect, 
if any, is relatively small; and partly because of insufficient num- 
bers of patients in the relevant randomized trials, followed for 
insufficient time. There is therefore no question, at present, of 
identifying a subgroup of those patients developing local recur- 
rence to which a survival hazard is confined. 

We predict that patients with small recurrences have a higher 
chance of survival than those with large recurrences, just as those 
with small primaries are known to do better than those with 
large primaries. Dr. Evans has proposed the mechanism for this 
being that each patient can tolerate a certain tumor burden (per- 
haps related to natural killer cell activity), constant over the 
years, and clinical metastasis only develops when that threshold 
is exceeded. In our model, we postulated that the chance of 
tumor emboli surviving and growing increased continuously with 
increasing tumor burden, with no critical cutoff. Both theories 
imply that local tumor is a source of metastatic disease, and that 
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the less there is of it over the years, the greater the chance of 
patient survival. 

The results of the second Guy’s Hospital trial can be inter- 
preted as indicating that more radical surgery resulted in im- 
proved survival for those women with stage I as compared with 
stage II disease. This was not shown in the first Guy’s trial, how- 
ever, and has not been supported by other randomized controlled 
trials of mastectomy compared with breast conservation therapy. 
The M. D. Anderson, like every other major center worldwide, 
considers breast conservation therapy as an alternative to mas- 
tectomy predominantly for women with early stage disease. 

Considerable data support the statement that adjuvant radio- 
therapy conveys no survival benefit after mastectomy. We cannot 
necessarily extrapolate from this to the situation where the breast 
has been preserved. We know that in breast conservation therapy 
there is a tradeoff between surgery and radiotherapy in achieving 
local control, whereby higher radiation doses can compensate 
for closer surgical margins. Dr. Evans has himself emphasized 
that local recurrence after mastectomy behaves like metastatic 
disease, whereas local recurrence after breast conservation ther- 
apy is different. He has proposed that the latter be termed “local 
persistence” to emphasize the fact that it behaves more like pri- 
mary tumor. The results of the NSABP B-06 trial show that if 
we use breast-conserving surgery without adjuvant radiotherapy, 
we can expect a much higher local recurrence rate, itself unac- 
ceptable, regardless of the survival risks. The fact that patients 
in this arm of the trial have not fared significantly worse to date 
is to be expected from the numbers in the trial, the duration of 
follow-up, and the likely size of any resultant survival deficit. 
As we indicated in our paper, the likely survival deficit 1s small 
when considered in relation to the patient population as a whole, 
most of whom will not develop local recurrence. For the indi- 
vidual who does, we predicted approximately a doubling of her 
risk of dying of the disease. 


ANNE STOTTER, PH.D., F.R.C.S. 
Leicester, England 


February 19, 1991 


Dear Editor: 


I read with interest the article by Peters et al., “Safety and 
Efficacy of Laparoscopic Cholecystectomy.” Having performed 
over 100 laparoscopic cholecystectomies, I was pleased to finally 
see information reaching the journals regarding this procedure. 
J cannot help but to point out an absurdity in the article. 

Under unresolved issues, the authors state “can this procedure 
be performed safely by the average general surgeon in the com- 
munity and/or rural hospital?” The authors should be reminded 
that this procedure was developed by the average general surgeon 
in a community hospital. Furthermore, inthe south, this pro- 
cedure has been performed in almost every hospital for approx- 
imately 6 months. 

I agree that there are many unresolved issues. However, most 
general surgeons that wish to take the time to learn this procedure 
and have appropriate equipment will be capable of safely per- 
forming laparoscopic cholecystectomies. The surgeons who are 
just beginning to gain experience with laparoscopic cholecys- 
tectomy should not think that this procedure needs to be limited 
to a few surgeons. 

I believe the emphasis should be based on properly training 
any general surgeon who wishes to learn this procedure. Perhaps 
a demonstration of competence in this procedure by limited 
preceptorship would be wise. The current emphasis by certain 
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surgeons to apparently accrue large sums of money by charging 
inordinate fees for preceptorship should be discouraged. If one 
has experience with laparoscopic cholecystectomy, he should 
share this experience with the fledgling laparoscopic surgeon for 
free (or at the very most, have his incurred expenses covered). 


JOSEPH F. UDDO, JR., M.D. 
Metairie, Louisiana 


April 22, 1991 
Dear Editor: 


We would like to thank Dr. Uddo for his kind comments 
regarding the paper “Safety and Efficacy of Laparoscopic Cho- 
lecystectomy.” We think he has pointed out some very accurate 
issues with regard to training and credentialling of surgeons in 
this area and we wholeheartedly agree with much that he says. 
We might remind him that the manuscript was prepared very 
early in the history of laparoscopic cholecystectomy. As he points 
out, and as has become clear over the ensuing months, this is a 
procedure that can be performed safely by the average general 
surgeon and, thus, we agree with his assessment. 

Nevertheless, we might also add that we are becoming more 
convinced that it is a more dangerous procedure, however, than 
open cholecystectomy. We think the procedure is generally safe, 
given appropriate training, caution, and an accepting attitude 
toward conversion to open cholecystectomy, but it may represent 
an inherently increased risk over open cholecystectomy. Time 
will allow us the answer. 

The issue of whether this procedure was actually devised by 
“average” general surgeons is certainly open to debate. As he 
knows, it originated in French clinics, and Dr. Mouret, who 
pioneered the procedure in France, is a clinical laparoscopist 
with extensive experience. Describing his laparoscopic abilities 
as average would be inadequate to say the least. In addition, 
although it was indeed developed at many community hospitals 
within the United States, we would also question whether the 
surgeons involved in such innovative endeavors could be de- 
scribed as average. We have had the opportunity to participate 
in training courses for laparoscopic cholecystectomy involving 
several hundreds of surgeons, and it has been our observation 
that there are many that find it difficult. It is by no means a 
natural extension of our usual surgical abilities. 

Dr. Uddo seems offended by the assertion that we should 
question whether the average general surgeon is capable of per- 
forming new procedures. He also suggests that implied in our 
statement is an argument for limiting the procedure to a limited 
group of surgeons. The authors clearly did not intend any such 
meaning by posing the question. We think it would be inappro- 
priate for us not to question whether any new procedure, es- 
pecially one that is as technologically different as laparoscopic 
cholecystectomy, can be taken from the laboratory into the clin- 


ical realm with training that would be available and reasonable | 


to the majority of surgeons and then could be applied safely. 
Thus, the intent of the question was exactly the opposite of Dr. 
Uddo’s suggestions. We believe it would be highly inadequate 
to develop procedures that could not be easily expanded to the 
realm of the majority of surgeons quickly. 

We agree with his assessment that the emphasis should be 
placed on proper training, including a demonstration of com- 
petence. The entrepreneurism that has been associated with this 
procedure is an unfortunate consequence of the realities of the 
1990s marketplace and should be discouraged. 


JEFFREY H. PETERS, M.D. 
Columbus, Ohio 


Ann. Surg. + January £992 


April 29, 1991 
Dear Editor: 


Dr. Simons’ excellent letter describes the treatment of a young 
girl who presented with extrusion of a free fragment or “rem- 
nants” of spleen through a shrapnel wound in the left flank. 
Extrusion of a free fragment of liver or spleen devoid of blood 
supply is not unique, especially in patients with large wounds 
and significant intraperitoneal injury that leads to an elevated 
intraperitoneal pressure. The extrication of such exteriorized 
fragments from clothing, dressing, the cart, or from the wound 
edge bears no resembiance to the historical external splenecto- 
mies described by our forbears who identified ligation and di- 
vision of the externalized splenic blood supply. 

The word laparotomy is derived from the Greek word “‘la- 
para,” which means loin or flank. Had Dr. Simons explored this 
patient through her flank wound, this “laparotomy” approach 
would have permitted safe vascular division with extrication of 
the fragmented spleen and repair of the injured diaphragm. In- 
deed, extension of a flank wound into a formal “laparotomy” 
is my preferred approach in a few carefully selected patients 
with a close-range shotgun blast that is clearly confined to the 
flank area. The decision by Dr. Simons to obtain intraperitoneal 
vascular pedicle control though the traditional anterior celiotomy 
permitted a more thorough inspection of the pancreas, which 
was normal. The fine result achieved by Dr. Simons reflects his 
decision to perform the traditional open approach by one of the 
many different anatomic pathways to achieve complete safe 
splenectomy. Dr. Simons’ description of this girl’s presentation, 
her interoperative findings, and the subsequent photograph of 
her flank wound on postoperative day 4 reinforce my conclusion 
that the beginning of the modern era of splenic surgery for trauma 
should be the splenectomy performed by Riegner, who, in 1893, 
performed an anterior celiotomy to remove the fractured spleen 
of a young man who had fallen from a scaffold.' John Hunter, 
the renowned 18th century anatomist and surgeon, would have 
recognized the distinct differences from the presentation of Dr. 
Simons’ patient and the formal flank exposures by myself as 
compared with the historical splenectomies with extraperitoneal 
division of the vascular pedicle reported by his predecessors. 
John Hunter also would have recognized that deviation from 
the traditional historical concept invites excited commentary. 
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CHARLES E. Lucas, M.D. 
Detroit, Michigan 


March 7, 1991 


Dear Editor: 


It was with great interest that I read Dr. Lucas’s article “Splenic 
Trauma, Choice of Management” (Ann Surg 1991; 213:98-112). 
His dismissal of the historical accounts of splenectomy, per- 
formed by detaching the spleen as it presented in the wound, is 
made on the basis of a lack of documented contemporary de- 
scriptions of spleens prolapsing from wounds. His conclusions, 
however, may be somewhat premature. 

One of the first patients I saw as a Red Cross surgeon in Thai- 
land was a 12-year-old girl who presented with a through-and- 
through shrapnel injury of the left flank in whom the remnants 
of her injured spleen were seen to be prolapsing from her wound. 
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FiG. 1. Twelve-year-old Cambodian girl with a through-and-through 
shrapnel injury to her left flank, through which her injured spleen was 
protruding. 
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She was managed in the now traditional approach of exploratory 
laparotomy with completion splenectomy but, had we been so 
inclined, we could have accomplished amputation of the injured 
organ, where it presented in the primary wound. Laparotomy 
findings included a diaphragmatic tear and a severely damaged 
spleen that was separated from all its peritoneal attachments 
and freely mobile on its intact hilar pedicle. The pancreas was 
uninjured. The accompanying photograph (Fig. |) was taken at 
the time of delayed primary wound closure, some 4 days after 
her laparotomy, and illustrates her through-and-through injury. 
The spleen was history by this time as, I suspect, may have been 
the case with her 17th and 18th century counterparts. 

Medical progress requires constant critical evaluation of ac- 
cepted tenets. To fully justify discounting historical descriptions, 
however, requires more than a want of similar personal expe- 
riences. After all, the 18th century saw some of the keenest ob- 
servers in the history of surgery. John Hunter’s name comes to 
mind. 


RICHARD SIMONS, M.B. 
Seattle, Washington 
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EDITORIAL 
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Bile Duct Inj ury During Laparoscopic 


Cholecystectomy 


colleagues describe the patterns of injury of the ex- 
trahepatic biliary tree that occur during laparoscopic 
cholecystectomy. They show how mistaking the common 
bile duct for the cystic duct can lead to the most common 
kind of injury: resection of a segment of the common bile 
duct, often accompanied by injury to the right hepatic 
artery. The cause of this lesion 1s misinterpretation of the 
anatomy, where the common duct 1s thought to be the 
cystic duct. The second most common cause of ductal 
injury is hilar bleeding; as attempts are made to control 
bleeding, adjacent structures can be injured by the elec- 
trocautery, laser, or hemostatic clips. 
The most critical issue raised by these cases concerns 


I n the lead article in this month’s issue, Davidoff and 


prevention. In an earlier article, Meyers and fellow mem- | 


bers of the Southern Surgeons Club’ reported that the 
rate of bile duct injury was 2.2% during a surgeon’s first 
13 laparoscopic cholecystectomies, but it dropped to 0.1% 
in subsequent cases. Data from the current study corrob- 
orate that finding; 10 of the 12 biliary injuries occurred 
during the surgeon’s first dozen or so cases. These findings 
suggest that at present most biliary injuries are related to 
inexperience and are theoretically avoidable. They also 
suggest that the recommended privileging guidelines for 
laparoscopic cholecystectomy, which call for an experi- 
enced laparoscopic surgeon to serve as assistant during a 
surgeon’s first three to six laparoscopic cholecystectomies, 
either have not been followed or are inadequate. The pur- 
pose of the proctoring recommendation is to minimize 
the risks of inexperience, and there is every reason to ex- 
pect that it should prevent bile duct injuries. The obser- 
vation in both studies that the steepest part of the learning 
curve comprises the first 12 cases could be interpreted to 
suggest that proctoring should now be increased to the 
surgeon’s first 12 cases. 

Hunter? recently proposed five technical steps aimed 
at preventing bile duct injuries during laparoscopic cho- 
lecystectomy: 1) promoting liberal use of the 30° angled 
laparoscope, because it provides a more perpendicular 
view of the hilar structures; 2) using firm cephalad re- 
traction on the fundus of the gallbladder, which exposes 
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the hilar structures; 3) having the first assistant retract the 
infundibulum of the gallbladder laterally instead of par- 
allel to the common duct to separate of the cystic and 
common ducts; 4) dissecting the cystic duct continuously 
into the gallbladder; and 5) converting to an open cho- 
lecystectomy whenever bleeding becomes more than a 
minor problem. I would add the following items to that 
list: 6) using a cautery device with suction/irrigation ca- 
pabilities because it allows the surgeon to keep the oper- 
ative field much cleaner; 7) using caution when inter- 
preting cholangiogram findings because it may be more 
difficult than anticipated to recognize when the cholan- 
giogram catheter enters the common duct rather than the 
cystic duct; 8) always assuming that the common duct is 
occluded when it does not opacify; and 9) never using the 
cautery, laser, or clips blindly to control bleeding. In gen- 
eral, however, I believe that most duct injuries that occur 
during laparoscopic cholecystectomy can be avoided by 
more thorough proctoring of neophyte laparoscopic sur- 
geons, more liberal (routine) use of cholangiography, and 
a greater willingness to convert to open cholecystectomy 
when the dissection becomes bloody or is otherwise dif- 
ficult. 

Laparoscopic cholecystectomy has only been performed 
widely in the US for about 2 years. In a sense, it is fortunate — 
that specific information on bile duct injuries has become © 
available so soon, because it provides clear directions for 
prevention. Davidoff and colleagues have performed a 
commendable service. It is now critical that those engaged 
in laparoscopic surgery use this information and do ev- 
erything practical to minimize the frequency of this serious 
complication. 
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Laparoscopic cholecystectomy has become the procedure of 
choice for surgical removal of the gallbladder. The most signif- 
icant complication of this new technique is injury to the bile duct. 
‘Twelve cases of bile duct injury during laparoscopic cholecys- 
tectomy were reviewed. Eight injuries were of a classic type: 
misidentification of the common duct for the cystic duct, resection 
of part of the common and hepatic ducts, and associated right 
hepatic arterial injury. Another injury was similar: clip ligation 
of the distal common duct with proximal ligation and division 
of the cystic duct, resulting in biliary obstruction and leakage. 
Three complications arose from excessive use of cautery or laser 
in the region of the common duct, resulting in biliary strictures. 
Evaluation of persistent diffuse abdominal pain led to the rec- 
ognition of ductal injury in most patients. Ultimately, 10 patients 
required a Roux-en-Y hepaticojejunostomy to provide adequate 
biliary drainage. One patient had a successful direct common 
duct repair, and the remaining patient underwent endoscopic di- 
latation. 


NTHUSIASM FOR LAPAROSCOPIC cholecystectomy 

has grown rapidly as recent reports have detailed 

the ease, efficacy, and safety of this procedure.’ 

6 The Southern Surgeons Club reported an initial expe- 

' rience with 1518 cases collected during 1990,’ and their 

experience has grown to over 9000 cases through early 

1991. The overall complication rate reported in that series 

was small (5.1%) and included a number of very minor 
postoperative problems. 

With the introduction of this new technique has come 

a learning period in which inexperience has resulted in a 

higher initial complication rate than will be expected later. 

The learning curve is highlighted in the Southern Surgeons 

Club experience by the incidence of bile duct injury. 

Within the first 13 cases of any participant’s experience, 

the bile duct injury rate was 2.2%, compared with 0.1% 
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after the 13th case.’ The overall incidence of undetected - 
common or hepatic duct injury was small (0.2%) in that 
series; however, those complications caused significant 
complications. This report documents and analyzes a se- 
ries of 12 common or hepatic duct injuries that occurred 


„during laparoscopic cholecystectomy and were subse- 
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quently referred to one medical center. This medical cen- 
ter had participated in the Southern Surgeons Club ex- 
perience, but the injuries described here occurred outside 
of that experience. The videotapes ofall but three original _ 
operations in which the injuries occurred were available, 
providing an opportunity to correlate intraoperative 
events with subsequent pathologic findings and to make 
suggestions for avoiding these complications. 


Clinical Materials 


The patients in this series were all referred to one sur- 
geon at Duke University Medical Center for definitive 
care or advice in management of common or hepatic duct 
injuries sustained during laparoscopic cholecystectomy in 
the 1 1-month period from June 1990 through April 1991. 
The patients were referred by their primary physician 
within days of recognition of their injuries. As part of the 
management of these patients, operative videotapes were 
reviewed when available, in addition to the hospital re- 
cords and roentgenograms. In each case, a precise mech- 
anism seemed apparent, and subsequent operative find- 
ings, management, and clinical course correlated well with 
the presumed mechanism. The patients were seen regu- 
larly in follow-up after hospital discharge for 2 to 10 
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months. Postoperative cholangiographic studies were 
performed only on the basis of clinical indications. 


Results 
Patient Profile 


Twelve patients, seven women and five men, aged 22 
to 76 years (mean, 45.4 years) were referred to Duke 
Medical Center. All but one patient had undergone la- 
paroscopic cholecystectomy for chronically symptomatic 
gallstones demonstrated by ultrasound. The remaining 
patient had undergone laparoscopic cholecystectomy for 
acute cholecystitis confirmed radiographically by nonvi- 
sualizing oral cholecystogram (OCG) and endoscopic ret- 
rograde cholangiopancreatography (ERCP). Only one 
patient had another significant medical problem, that 
being severe coronary artery disease. 


Original Procedure 


The 12 patients in this series were referred by 11 general 
surgeons. Ten of these cases occurred within the first 11 
laparoscopic procedures for these surgeons (1, 1, 3, 6, 7, 
8, 9, 10, 11, and 11), whereas one case was the 91st of 
one surgeon’s experience and another was the 100th. Nine 
surgeons performed the original procedure without other 
physicians assisting, and two were assisted by a second 
surgeon. Seven of the procedures were thought to have 
been “uncomplicated,” whereas five were made difficult 
by significant inflammatory reaction around the gallblad- 
der or portal area. Only three intraoperative cholangio- 
grams were performed. Each was thought to have been 
normal; two patients subsequently developed common 
hepatic duct stricture, and the other was found to have 
partial ligation of the common duct. Five surgeons de- 
scribed significant intraoperative bleeding. One lapa- 
roscopic cholecystectomy was converted to an open lapa- 
rotomy because of uncontrolled hemorrhage, and one pa- 
tient was returned to the operating room for open explo- 
ration and right hepatic artery ligation after a significant 
hypotensive episode in the recovery room. In the remain- 
ing three cases, bleeding was adequately controlled lapa- 
roscopically. 


Diagnosis of Biliary Injury 


None of the ductal injuries reported in this survey were 
recognized at the time of the initial laparoscopic proce- 
dure. The diagnosis of a biliary injury was made 4 to 14 
days after laparoscopic cholecystectomy in all but three 
of the patients; one was diagnosed on the first postoper- 
ative day, one was diagnosed 30 days after the initial pro- 
cedure, and the other was diagnosed 6 weeks after the 
original procedure. In each case except one, evaluation 
of the patient’s complaints of persistent diffuse pain even- 
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tually led to the discovery of bile duct injury. The re- 
maining patient complained only of anorexia and fatigue 
2 weeks after laparoscopic cholecystectomy. Laboratory 
studies disclosed an elevated total bilirubin in eight pa- 
tients, with six being frankly jaundiced. The diagnosis of 
bile duct injury was established by ERCP in all but two 
patients. The diagnosis was made by percutaneous trans- 
hepatic cholangiography in one patient (Fig. 1A) after 
computerized tomography (CT) showed abnormal fluid 
collections, and by biliary scintigraphy in the other patient. 


Initial Surgical Management 


Four patients underwent surgical procedures subse- 
quent to the diagnosis of biliary injury and before referral. 
Primary reanastomosis of transected bile ducts was at- 
tempted in two patients, but each failed because of anas- 
tomotic breakdown. A third patient simply had a tube 
placed into the proximal and distal ends of a divided ductal 
system for future identification of the anatomy, and the 
fourth simply had a subhepatic drainage catheter placed 
for collection of biliary ascites. The remaining patients 
were referred immediately to Duke on the recognition of 
biliary ductal injury. 


Preoperative Management Following Transfer 


Percutaneous transhepatic cholangiography or ERCP 
was performed at Duke after transfer in all cases to de- 
termine the precise site of injury. Cholangiography was 
followed immediately by CT scan to document or treat 
biliary leakage (four patients), as confirmed by demon- 
strating cholangiographic contrast material free in the 
peritoneal cavity (Fig. 2). One patient additionally had a 
perisplenic abscess drained by percutaneous techniques. 
All but one patient underwent preoperative placement of 
percutaneous transhepatic biliary catheters into the right 
and left hepatic ducts, both to determine the biliary anat- 
omy and to assist in the identification of the proximal 
ductal system at laparotomy (Fig. 1B). 


Description of Injuries 


A definitive diagnosis was established by cholangiog- 
raphy in all cases. Eight patients had biliary obstruction 
due to partial (four) or complete (four) ligation of the 
biliary system (Fig. 3). Cholangiography demonstrated 
that four patients had completely decompressed ducts with 
subhepatic leakage of contrast and bile, but no ductal ob- 
struction. The proximal borders of injury were as follows: 
common hepatic duct (five patients), confluence of the 
hepatic ducts (three patients), right hepatic duct (one pa- 
tient), common duct (one patient), and several secondary 
hepatic biliary radicles (two patients). There were three 
strictures, two long and one short, with a continuous bil- 
lary system (Fig. 4). Each stricture was of the common 
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hepatic duct system, with two extending into the common 
duct (i.e., extending across the cystic duct junction). One 
patient had biliary leakage from an unligated cystic duct 
stump with complete common duct obstruction distally 
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FIG. 1. (A, top left) Percutaneous transhepatic cholangiography showing 
complete common hepatic duct obstruction. (B, right) Preoperative per- 
cutaneous transhepatic catheter placed via the right hepatic ductal system 
into the obstructed common hepatic duct. (C, bottom left) Postoperative 
percutaneous cholangiogram showing patency of the hepaticojejunostomy 
without biliary leakage. The coronary O ring can be seen at the bottom 
of the radiograph. 


due to clip ligation (Fig. 5), suggesting that the distal “‘cys- 
tic duct” clips had been placed on the common duct. In 
each case without stricture in which cholangiography was 
performed, clips marked the distal ductal obstruction. 
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FIG. 2. Computed tomography-guided aspiration of intraperitoneal bile 
collection. This procedure was performed immediately after percutaneous 
transhepatic cholangiography. Note the presence of contrast material in 
the most dependent portion of this collection, confirming biliary leakage. 






FiG. 3. The classic laparo- 
scopic biliary injury. (A, top 
left) Normal portal anatomy. 
(B, top right) Misidentifica- 
tion of the common duct for 
the cystic duct, with subse- 
quent ligation and division. 
(C, bottom left) Misidentifi- 
cation of the small arterial 
supply to the common duct 
for the cystic artery, with 
subsequent ligation and di- 
vision. Note also injury of the 
right hepatic artery that in- 
variably occurred during 
proximal division of the 
common hepatic duct. (D, 
bottom right) Ligation of the 
right hepatic artery and com- 
plete obstruction of the bili- 
ary system. 
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Review of Laparoscopic Videotapes 


Each videotape was reviewed in its entirety after chol- 
angiography and before surgery. In each case the injury 
was precisely identified, except in the three cases in which 
a stricture was presumed to have been secondary to re- 
peated use of cautery or laser in the hilar area. In all but 
one of the other cases, inaccurate placement of the clips 
was seen with division of the bile duct and ligation or 
perforation of the right hepatic artery. Before division of 
the duct, in most cases, a small vascular branch to the 
common duct was clipped and divided as though it were 
the cystic artery (Fig. 3C). 

Inadequate visualization of the operative field was ob- 
vious from the beginning of the film in four cases, indi- 
cating the surgeons’ inexperience with laparoscopy. In no 
case was there camera or other equipment malfunction. 
In two cases the procedure was converted to open lapa- 
rotomy because of significant bleeding. In one, brisk 
hemorrhage from the right hepatic artery obscured the 
scope and the procedure was immediately converted to 
an open one. In the other, the patient was initially ob- 
served in the recovery room but was returned to the op- 
erating room after a significant hypotensive episode. In 
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two cases obscured by significant scarring of the portal 
region, the grasping forceps were placed on the common 
duct rather than on the ampulla of the gallbladder during 
the dissection. The most common injury (Fig. 3) was dis- 
section of the common hepatic and common bile ducts 
as though they were the cystic duct, division with or with- 
out clip ligation of the proximal hepatic ductal system, 
and then perforation or ligation of the right hepatic artery 
after initiation of cautery or laser dissection. In most cases 
significant bile leakage was present during much of the 
dissection. In all but two of the laceration injuries, there 
was excessive use of prograde rather than retrograde dis- 





FIG. 5. Variant of the classic injury with placement of proximal clips on 
the cystic duct, but placement of the distal clips on the common duct. 
Division of the cystic duct between these two sites resulted in common 
duct obstruction, but biliary decompression through the free cystic duct 
stump. 
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FIG. 4. Thermal injury to the 
portal triad, resulting in bil- 
lary stricture. 


section of the presumed cystic duct, in other words, dis- 
section primarily aimed toward the gallbladder rather than 
away from it. 


Operative Management 


One patient with a short common hepatic duct stricture 
and a continuous biliary system underwent biliary balloon 
dilatation with temporary stenting at ERCP and is await- 
ing further follow-up before a final decision about the 
need for surgery (Fig. 6). The patient with the anatomy 
depicted in Figure 4 simply had the common duct clip 
removed with oversewing of the cystic duct stump. The 
remaining patients underwent hepaticojejunostomy, with 
one of these anastomoses being made to the right hepatic 
duct only rather than to the common hepatic duct. The 
findings at the time of laparotomy supported the preop- 
erative assessment in each case. Average operative time 
was 96 + 5 minutes, and the average estimated blood loss 
was 184 + 25 mL. A coronary “O” ring was placed rou- 
tinely on the Roux segment and attached to the anterior 
abdominal wall to permit future percutaneous access to 
the anastomosis and biliary system, if necessary (Fig. 1C). 

No complications occurred in the immediate postop- 
erative period. Patients who had an elevation in serum 
bilirubin preoperatively had a decline to normal within 
6 days after definitive surgery; the alkaline phosphatase 
was still abnormal, although decreasing at the time of 
hospital discharge in six of seven patients. The average 
length of hospitalization after hepaticojejunostomy was 
9 days (range, 6 to 13 days). One of the patients developed 
cholangitis 4 months after hepaticojejunostomy and was 
found by CT scan to have mildly dilated intrahepatic bil- 
lary ducts. Retrograde percutaneous cholangiogram 
demonstrated debris at the anastomotic site, which was 
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FIG. 6. Endoscopic retrograde cholangiograms showing (A, left) a com- 
mon hepatic duct stricture and (B, right) the common hepatic duct after 
balloon dilatation. 


removed by balloon catheter. A stent was placed across 
the anastomosis and removed after 3 weeks. 


Discussion 


Injury to the major biliary system after laparoscopic 
cholecystectomy caused two principle clinical manifes- 
tations: bile leakage into the abdomen with resultant pain 
and secondary bile peritonitis, and 2) biliary obstruction 
due to partial or complete hepatic or common duct li- 
gation or late onset stricture. 

Although it would clearly be better to recognize biliary 
injury at the time of laparoscopic cholecystectomy, the 
injury is likely to be unrecognized initially. Uncontrolled 
hemorrhage at the time of surgery should raise the sus- 
picion of biliary injury and, if unusual measures are nec- 
essary to control the hemorrhage, particularly when there 
is inadequate visualization, burn or ischemic stricture of 
the common hepatic duct is possible. As with traditional, 
open procedures, technical aspects of the performance of 
the surgery appear to be important. Adequate visualization 
of the portal structures is essential. The cystic duct and 
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artery should be identified clearly before ligation and di- 
vision of any structures in the porta hepatis. Ideally, both 
the gallbladder—cystic duct and cystic duct-common duct 
junctions should be visualized and the surgeon should 
have a low threshold for cholangiography, particularly 
early in his experience, to help define the portal anatomy. 
Acute inflammation and chronic scarring of the gallblad- 
der bed can restrict adequate identification of the anat- 
omy, and early consideration of conversion to open cho- 
lecystectomy is important when the anatomy remains 
uncertain. During the hilar dissection, the cutting of a 
second distinct site along the duct should suggest the clas- 
sic injury (Fig. 3). Finally, dissection away from the gall- 
bladder neck toward the common duct, instead of the 
other direction, may help prevent the common duct from 
being mistaken for the cystic duct and subsequently being 
divided. 

The classic pattern of laparoscopic injury appears to be 
misidentification of the common duct for the cystic duct, 
resection of a portion of the common and hepatic ducts, 
and an associated right hepatic arterial injury. A similar 
injury is known to occur with open cholecystectomy," but 
not with the frequency or extent of hepatic duct resection. 
In addition, the operative videotapes with laparoscopic 
cholecystectomy provide an opportunity to determine 
definitively the mechanism of injury. 

Although no single sign or symptom in the postoper- 
ative period was pathognomonic for ductal injury in this 
review, persistent patient complaints of diffuse abdominal 
pain should alert the physician to the possibility of a com- 
plication. One advantage of laparoscopic cholecystectomy 
should be that patients are relatively pain free after the 
procedure and, although there is much variability, com- 
plaints of severe or persistent pain should be carefully 
monitored and investigated early. Determination of serum 
alkaline phosphatase and total bilirubin are not particu- 
larly sensitive early in the initial postoperative course. 

Three patients developed common hepatic duct stric- 
tures after laparoscopic cholecystectomy. Two presented 
4 to 6 weeks after the initial procedure with jaundice and 
a completely obstructed duct, and the other returned 10 
days after operation with diffuse abdominal pain and 
nausea, a slightly elevated serum alkaline phosphatase but 
normal total bilirubin, and was found to have a tight distal 
common duct stricture. The exact mechanisms for these 
injuries is not known for certain, but these strictures were 
probably caused by thermal injury or excessive manipu- 
lation of the common duct during the laparoscopic pro- 
cedure. Smaller ducts may be particularly susceptible to 
stricture formation by these mechanisms. Therefore, ju- 
dicious use of the laser or cautery during dissection in the 
portal region and minimizing the handling of the common 
duct cannot be overemphasized. 
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The principles of management of injuries sustained 
during laparoscopic cholecystectomy are essentially the 
same as for those sustained during open procedures. These 
include: early recognition of the injury, primary repair at 
the time of the initial laparoscopic procedure if possible, 
identification of the biliary anatomy before secondary op- 
erative repair, and Roux-en-Y hepaticojejunostomy unless 
there is a compelling reason not to do this. We have found 
preoperative percutaneous catheters to be particularly 
helpful at surgery for identification of the injured ducts 
and subsequent stenting if necessary, as well as preoper- 
ative CT drainage of intraperitoneal bile. Finally, intra- 
operative placement of a Roux-en-Y coronary “O” ring 
tacked to the anterior abdominal wall has been helpful 
in accessing the biliary system during postoperative follow- 
up. Most patients should have a successful result from 
hepaticojejunostomy unless there is technical difficulty, 
undiagnosed burn injury, or a divided duct is not incor- 
porated into the hepaticojejunostomy. 
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Laparoscopic Injuries to the Bile Duct 


A Cause for Concern 





A. R. MOOSSA, M.D., DAVID W. EASTER, M.D., ERIC VAN SONNENBERG, M.D., 


GIOVANNA CASOLA, M.D., and HORACIO D’AGOSTINO, M.D. 





The authors report six patients who had injuries to their common 
hepatic bile duct at laparoscopic cholecystectomy over a 16- 
month period. Five of the six complications could be attributed 
to laser injuries during dissection in the region of Calot’s triangle. 
The authors discuss the possible mechanism of these injuries, 
their perioperative management, and the methods of surgical 
reconstruction. The follow-up period ranges from 3 months to 
21 months. Liver function parameters and isotope biliary excre- 
tion scans are back to normal in all six patients. The potential 
hazards of laparoscopic surgery demand that extraordinary care 
be used not only during the actual surgical procedure, but also 
in the preoperative decision concerning the dissection method to 
be employed. 


HE MEDICAL COMMUNITY is experiencing a dra- 

matic change in the way calculous disease of the 

biliary tract is treated. The recent revolution in 
minimally invasive surgery, specifically laparoscopic cho- 
lecystectomy, is still in progress. The rapid acceptance of, 
and the increasing demand for, the procedure is phenom- 
enal when we consider that the benefits and risks of the 
procedure remain to be fully evaluated. It is unknown at 
present if laparoscopic methods can match the safety of 
the “gold standard” of an open cholecystectomy, or if the 
main benefit will be cost savings due to shortened hospital 
stay and rapid return to work. 

Injuries to the bile ducts during cholecystectomy are 
not uncommon, occurring in approximately 0.5% of those 
undergoing open cholecystectomy.'~* With over 500,000 
cholecystectomies performed annually for calculous dis- 
ease in the United States, more than 2000 injuries can be 
expected annually with traditional methods of cholecys- 
tectomy.* What proportion of these cases will be per- 
formed laparoscopically in the future, and what rate of 
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bile duct injury will be encountered with laparoscopic 
methods, are unresolved questions. 

We report here our experiences with biliary reconstruc- 
tion in six cases referred to our institution with high bile 
duct injuries after laparoscopic cholecystectomy over a 
16-month period. We have previously suggested that cou- 
pling laser techniques with laparoscopic surgery for the 
beginner in both fields may be particularly dangerous.” 
For the description of biliary strictures, we have employed 
Bismuth classification based on the level of each stricture 
as it relates to the confluence of the hepatic duct (Fig. 1). 


Case Reports 
Case Study 1 


A 57-year-old moderately obese woman underwent laparoscopic laser 
cholecystectomy for symptomatic gallstones. No technical problem was 
encountered during the procedure. Operative cholangiogram was not 
performed. Four days later, the patient developed abdominal pain and 
distention, with a mild fever and marginally elevated liver function pa- 
rameters. Ultrasonography disclosed ascites with a large fluid collection 
in the subhepatic space. Laparotomy was performed, and a large-volume 
biliary ascites was evacuated. A subhepatic suction drain was placed and 
the patient developed a biliary fistula for about 3 weeks. The biliary 
drainage stopped for several days, and the drain was removed. The patient 
developed recurrent evidence of sepsis, and ultrasonography disclosed 
another subhepatic bile collection. This was drained percutaneously and, 
at the same time, a transhepatic catheter was placed in the biliary tree 
for proximal biliary diversion. The patient was managed nonoperatively 
for 4 further weeks and complained of multiple constitutional symptoms, 
including fatigue, nausea, and depression. About 11 weeks after the cho- 
lecystectomy, the patient was re-explored and reconstruction of a Bismuth 
type II stricture (Fig. 2) was undertaken with a hepaticojejunostomy 
Roux-en-Y anastomosis at the level of the hepatic duct bifurcation. All 
the liver function parameters returned to normal within | month of 
reconstruction. A Tc HIDA hepatobiliary scan performed 3 months later 
was totally normal. 





FIG. 1. Bismuth classification of benign bile duct strictures based on the 
location of the lesion in relation to the hepatic duct bifurcation Reprinted 
with permission from Blumgart et al.'® 


Case Study 2 


A 58-year-old woman underwent laparoscopic laser cholecystectomy 
after a previous attack of mild acute cholecystitis. A moderate amount 
of adhesions was divided. Operative cholangiogram was attempted but 
failed. The cholecystectomy proceeded uneventfully. 

Two days later, the patient developed evidence of a bile leak and 
underwent a laparotomy. The common bile duct was explored and a T- 
tube was placed. The patient then developed progressive mild jaundice, 
and a T-tube cholangiogram showed a Bismuth type II stricture proximal 
to the site of insertion of the T-tube (Fig. 3). Six weeks after the lapa- 
roscopic cholecystectomy, the patient was re-explored, and the Bismuth 
type II stricture was repaired by hepaticojejunostomy Roux-en-Y. All 
the liver function parameters returned to normal within | week. A Tc 
HIDA 3 months after the repair was also normal. 
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Case Study 3 


A 43-year-old obese man underwent laparoscopic laser cholecystec- 
tomy for symptomatic gallstones. He remained well for 5 months, at 
which time he presented with progressive obstructive jaundice. Endo- 
scopic retrograde cholangiopancreatography showed a stricture just below 
the common hepatic duct bifurcation. He underwent a percutaneous 
placement of a stent across the stricture. He remained relatively well for 
another 7 months, at which point he presented with an acute obstructive 
cholangitis. Percutaneous transhepatic cholangiogram showed a Bismuth 
type III stricture (Fig. 4). He underwent percutaneous transhepatic biliary 
drainage followed 4 days later by abdominal re-exploration. The stent 
was removed and a hepaticojejunostomy Roux-en-Y repair was per- 
formed at the hepatic duct bifurcation. Liver function parameters were 
completely normal at | month, and a Tc HIDA hepatobiliary scan per- 
formed 2 months later showed normal biliary excretion. 


Case Study 4 


A 38-year-old woman underwent laparoscopic laser cholecystectomy 
for asymptomatic gallstones. A subhepatic drain was placed and produced 
copious biliary drainage within 24 hours. The patient was immediately 
re-explored and was found to have a near-circumferential damage of the 
common hepatic duct just below its bifurcation. An end-to-end anas- 
tomosis was performed over a T-tube brought out through the distal 
duct. A T-tube cholangiogram performed 3 months later showed good 
healing of the anastomosis. The T-tube was accordingly removed. The 
patient remained asymptomatic for 2 months, but then presented with 
progressive obstructive jaundice. Endoscopic retrograde cholangiopan- 
creatography was performed with attempted passage of a guide wire for 
possible stent placement, but this failed. A percutaneous transhepatic 
cholangiogram showed a Bismuth type IV (Fig. 5) stricture. The patient 
was re-explored, and the right hepatic duct as well as the confluence of 
the middle and left hepatic duct were anastomosed to a Roux-en-Y loop 
of jejunum. The patient’s liver function parameters returned to normal 
within 3 weeks, and a Tc HIDA hepatobiliary scan performed 4 months 
later was totally normal. 





FIG. 2. Percutaneous transhepatic cholangiogram showing a Bismuth 
type II stricture. There is less than 2 cm of common hepatic duct below 
the bifurcation. 
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FIG. 3. T-tube cholangiogram showing a Bismuth type II stricture pro- 
duced at laparoscopic cholecystectomy. Note that the T-tube was placed 
below the stricture at abdominal exploration. 


Case Study 5 


A 35-year-old woman underwent laparoscopic cholecystectomy for 
asymptomatic gallstones. Operative cholangiography was not performed. 
About | week after operation, she developed right upper quadrant pain, 
nausea, vomiting, and progressive jaundice. Percutaneous transhepatic 
cholangiogram disclosed a high duct bile duct stricture just below the 
level of the hepatic duct bifurcation. Two weeks later, she was re-explored, 
and the hepatic duct trifurcation was reanastomosed to a Roux-en-Y 
loop of jejunum. She made an uneventful postoperative recovery, and 
her liver function parameters became normal within 2 weeks. A Tc HIDA 





FIG. 4. Percutaneous transhepatic cholangiogram in a patient with ob- 
structive cholangitis and a Bismuth type III stricture. Note that the metal 
stent that had previously been placed was totally occluded. 
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FIG. 5. Percutaneous transhepatic cholangiogram showing a Bismuth 
type III stricture. The hepatic duct bifurcation was intact, but there was 
no common hepatic duct remnant. 


biliary scan performed at 3 months showed normal biliary drainage 
(Fig. 6). 


Case Study 6 


A 71-year-old woman underwent laparoscopic laser cholecystectomy 
for symptomatic gallstones. Operative cholangiogram was not performed, 
but the operation proceeded uneventfully. The patient remained asymp- 
tomatic for 5 months, but re-presented with recurrent right upper quad- 
rant pain with mild fever and mild elevation of liver enzymes. Ultra- 
sonography showed a dilated intrahepatic ductal system. Percutaneous 
transhepatic cholangiogram confirmed intrahepatic duct dilatation and 
showed a long partial stricture of the distal two thirds of the common 
bile duct. The patient underwent a hepaticojejunostomy Roux-en-Y re- 
pair uneventfully. Liver enzymes were back to normal within 2 weeks 
of the reconstruction. A Tc HIDA scan at 6 months was normal. 


Operative Details 


Each exploration was notable for the presence of dense 
inflammatory reaction and fibrosis at the area of injury. 
There was a surprising finding of ductal tissue missing 
from the injured segment. No visible remnant of distal 
ductal tissue could be identified in two of the six cases, 
and the portal vein was easily identified as if it were an 
anterior structure in both instances. Healthy proximal 
ductal tissue was identified by dissecting inside the liver 
hilum and lowering the hilar plate as recommended by 
Bismuth. The mobilized proximal duct stump was 
trimmed of all scar tissue, and the biliary stoma was en- 
larged by incising into the left main duct. The largest pos- 
sible biliary-enteric stoma was created by mucosa-to-mu- 
cosa approximation of the bile duct to a Roux-en-Y loop 
of jejunum in end-to-side fashion with interrupted 4-0 
polyglycolic sutures. To avoid tension on the anastomosis, 
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FIG. 6. Isotope biliary excretion scan with Tc-HIDA showing a widely patent and functioning hepaticojejunostomy at the level of the hepatic duct 


bifurcation. 


the upper part of the jejunal loop was supported to the 
scar tissue of the gallbladder bed and the mobilized round 
ligament using multiple 3-0 silk sutures. Temporary (3 
to 4 weeks) stenting of the anastomosis by the percuta- 
neous transhepatic approach was employed in only two 
of the six individuals. 


Comments 


In the treatment of symptomatic cholelithiasis, the 
“gold standard” against which new techniques must be 
compared is an open cholecystectomy with intraoperative 
cholangiogram. In more than 100 years of experience with 
open cholecystectomy, the medical community has wit- 
nessed the evolution of acceptable morbidity and mor- 
tality rates with this procedure. A new standard may be 
set, however, as the tidal wave of enthusiasm and early 
experience with laparoscopic cholecystectomy methods 
develops. Public demand, coupled with wide acceptance 
of the laparoscopic technique, may well be so great that 
comparisons between “open” and “closed” cholecystec- 
tomy will be available only through the use of historical 
controls. 

A recent report of 100 consecutive elective laparoscopic 
cholecystectomy indicates that only four patients required 
conversion to the “open” method. There were one minor 
bile duct injury, two postoperative bile leaks, and one 
clinical diagnosis of a retained common bile duct stone 
that passed spontaneously. The authors estimate a mor- 
bidity rate of 8% and a bile duct injury rate of 1% for 
laparoscopic cholecystectomy. Clearly, the most serious 


worry 1s the issue of biliary tract injury, and our prelim- 
inary anecdotal experience suggests that the incidence may 
well be as high as 7% in institutions where multiple sur- 
geons perform the “occasional” procedure without any 
individual obtaining a concentrated exposure. Institutions 
may be wise to initially limit privileges for laparoscopic 
surgery to a few surgeons with a genuine interest until the 
indications and contraindications are delineated and the 
safety of the procedure is well established. 

It probably will be easier to scientifically evaluate the 
differences between various methods of laparoscopic dis- 
section, namely, comparing laser with electrocoagulation 
methods. Such trials are already in progress.” Until the 
results of such comparisons become available, it will re- 
main the domain of each individual surgeon (and patient) 
to choose the safest possible methodology. It is important 
to notice that the anatomic pattern of the laparoscopic 
injuries is identical to those inflicted at open cholecystec- 
tomy. The duct is damaged above the entrance of the 
cystic duct, presumably during dissection within Calot’s 
triangle. 

Bile duct injuries during “open” cholecystectomy occur 
when 1) the wrong duct is ligated or transected, 2) the 
lumen of the bile duct is occluded during “flush ligation” 
of the cystic duct, 3) the blood supply to the duct is com- 
promised by excessive dissection, and 4) the lumen of the 
duct is traumatized by manipulation or forceful “‘dilata- 
tion.””'° To these four scenarios, we should now add a 
fifth possibility, namely, injury to ductal structures during 
inappropriate application and control of an energy source. 
From the practical viewpoint, the surgeon must be aware 
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of the avoidable damage to ductal structures through in- 
appropriate control of the “backstop effect” of laser dis- 
section. Injuries at laparoscopic cholecystectomy attrib- 
utable to inappropriate control of electrocautery is cer- 
tainly possible, but as yet we have not encountered any. 

Laser dissection methods rely on the ability of light 
energy to excite molecules within its path sufficient to 
cause heating of the recipient tissue and disruption of 
structural proteins.'! During the 20-plus years of research 
into and experience with the methodology of laser surgery 
methodology, two adaptations have been used to limit 
unwanted tissue damage. 

The wavelength of light energy can be chosen so that 
certain specific tissues are targeted. Practically, this applies 
only to the use of laser energy to disrupt calculi and leave 
its adjacent epithelium free of damage. Unfortunately, 
that wavelength most efficient in disrupting both pig- 
mented and cholesterol stones is also the wavelength best 
absorbed (and heat producing) by bile as well.'' The in- 
termittent interruption of laser energy (“pulsed dye laser”) 
also can be used to minimize thermal damage. This trans- 
lates into delivering energy sufficient to disrupt biliary 
and urinary calculi while limiting damage to the sur- 
rounding epithelium.'*'° 

Modification of wavelengths and pulse variations, 
however, are unlikely to impact on the inadvertent injury 
to bile ducts caused by laparoscopic surgeons. This is be- 
cause even the “smartest” laser is unlikely to be able to 
discriminate between the nearly identical physical char- 
acteristics of bile duct versus gallbladder (or other closely 
related important anatomic structures). 

When laser mishaps occur, tissue damage probably is 
mediated by ischemic injury to the recipient structures. 
Moreover, the tissue coagulation effects of laser energy 
have been used in the welding-fusion of biliary tissues.'*!° 
It is not surprising, therefore, that a misdirected laser beam 
can produce substantial and complex destructive injuries 
to ductal structures. The blood supply of the common 
bile duct is extremely variable. Two of our patients (Cases 
3 and 6) presented a few months after an apparently suc- 
cessful cholecystectomy, and the strictures may well be 
attributed to ischemic injury. Whether the ischemia is 
due to a laser effect, or to excessive stripping and devas- 
cularization of the duct, or both, is impossible to deter- 
mine. 

Although anatomic variants are present in up to 15% 
to 20% of biliary cases, there was no indication in this 
series of referrals that such “anomalies” contributed to 
the resultant injuries. Operative cholangiography was at- 
tempted in only one of these six cases, and was successful 
in none. Omission of this step is potentially hazardous, 
especially when the visual perspective of the operating 
surgeon has been changed (and acutely so for those who 
are less experienced with laparoscopic methods). This is 
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also particularly relevant because, laparoscopically, it is 
not conveniently possible to begin one’s dissection at the 
fundus of the gallbladder, as has been described for avoid- 
ing injuries during “open” cholecystectomy. '* 

The level of experience of the operating surgeon and 
the technical difficulties at operation are other factors that 
can add to the risk of bile duct injury.”'° Each of our 
referred patients had relatively inexperienced surgeons (as 
is most of the surgical community to date). Two of the 
injured patients were described as obese at first operation. 
None, however, produced situations at operation that were 
perceived as dangerous enough to warrant conversion to 
an “open” procedure. The late Rodney Maingot, when 
talking about the operation of cholecystectomy, was both 
accurate and prophetic with the following two statements: 
1) all complications are made in the operating room; and 
2) the surgeon must operate by sight, not by faith. 

It is interesting that, contrary to our customary patterns 
of referral, three of our six patients were referred for re- 
constructive surgical procedures by the primary sur- 
geons.™!? The other three were referred first to interven- 
tional radiologists, and later were offered surgical repair. 
It may be that either surgeons are beginning to accept that 
benign strictures of the biliary ducts are best handled 
surgically'®'® or that they prefer, with respect to their 
early experiences with laparoscopic cholecystectomy, to 
keep their “dirty laundry” within the surgical community. 

The role of interventional radiology should not be 
minimized in the management of these patients. Percu- 
taneous drainage of subhepatic bile collections is clearly 
preferable to a laparotomy. Percutaneous transhepatic 
cholangiogram is always performed ideally within 24 
hours of the proposed reconstruction. It delineates the 
anatomy of the biliary tree proximal to the stricture and 
helps in the planning of a surgical strategy. The placement 
of a biliary catheter close to the hilum can be a useful 
guide in the tedious subhepatic dissection to locate a short 
proximal biliary stump. The catheter also can be used to 
temporarily stent the anastomosis if deemed desirable. 

Our choice of surgical repair, a single-layer interrupted 
mucosa-to-mucosa anastomosis between bowel and bile 
duct, has in our hands and others'*:’’ given superior results 
to all other techniques, including Rodney Smith’s mucosal 
graft procedure. We recommend the method of direct 
mucosa-to-mucosa repair for those specialists who are 
challenged with these difficult situations. We no longer 
employ prolonged transhepatic intubation and stenting 
of the anastomosis as previously advocated for these high 
biliary strictures.”° 


Conclusions 


We have recently successfully reconstructed the bile 
ducts of six patients who had injuries sustained at lapa- 
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roscopic cholecystectomy. Five of these injuries were as- 
sociated with laser dissection methods. Findings at op- 
eration were notable for the absence of substantial ductal 
length, and reconstruction at the level of the hilar liver 
plate was uniformly necessary. 

We caution those who use laser methods of dissection 
during laparoscopic cholecystectomy to be particularly 
mindful of the “backstop effect” of laser energy, as well 
as the variations of ductal anatomy that can make for 
hazardous dissection. We believe that routine operative 
cholangiogram remains a major safeguard. It may be ap- 
propriate to learn laser and laparoscopic methods sepa- 
rately, only later to combine them if desirable, or alter- 
natively, to await objective evaluation of the purported 
benefits of laser dissection techniques before subjecting 
patients to its potential risks. 
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Addendum 


Since the submission of this article, the authors have repaired nine 
additional similar bile duct injuries, and one patient has died of Candida 
sepsis. 
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One hundred sixty-five operative cholangiograms were attempted 
in 364 patients who underwent laparoscopic cholecystectomy 
(45%). Laparoscopic cholangiography was successful in 150 of 
165 attempts (91%). Eighty-nine per cent of studies were normal 
(134/150) and 11% were abnormal (16/150). All 134 patients 
with normal cholangiograms remained asymptomatic (false- 
negative rate, 0%). False-positive studies occurred in 3 of 150 
(2%) total cholangiograms and 3 of 12 (25%) abnormal chol- 
angiograms consistent with choledocholithiasis. A total of 16 of 
364 patients had proven common bile duct stones (4.4%). Eight 
of the sixteen stones were removed by preoperative endoscopic 
retrograde cholangiopancreatography/sphincterotomy. Five of 
sixteen stones were found at cholangiography, four of which were 
unsuspected (4/150, 2.6%). Retained common duct stones were 
found in 3 of 214 patients not undergoing cholangiography (1.4%). 
No complications or deaths occurred that were due to cholan- 
giography. One biliary injury occurred (1/364, 0.3%), in a patient 
with aberrant anatomy who did not undergo cholangiography. 
Laparoscopic cholangiography is a safe technique with a success 
rate greater than 90%. Routine cholangiography is presently 
recommended for prevention of biliary injury, detection of stones 
in the cystic and common ducts, and for training purposes, es- 
pecially during the learning phase of laparoscopic cholecystec- 
tomy. 


HE RAPID DEVELOPMENT and growing accep- 

tance of laparoscopic cholecystectomy has not 

been without controversy. One of the initial crit- 
icisms of the technique was the inability to perform op- 
erative cholangiography. A few publications during the 
past year have alluded to the technique of laparoscopic 
cholangiography.!™ Specific data regarding the accuracy, 
morbidity and mortality rates, false-positive and false- 
negative rates, and complications of laparoscopic chol- 
angiography, however, are limited. 
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The optimal type of cholangiography catheter, ana- 
tomic approach (cystic duct or direct gallbladder punc- 
ture), method of imaging (portable x-ray or fluoroscopy), 
and indications for laparoscopic cholangiography are also 
unresolved issues. The role of operative cholangiography 
is further confused by the use of alternative technologies 
such as preoperative intravenous cholangiography,®” in- 
traoperative lithotripsy, and laparoscopic common bile 
duct exploration.’ In addition, the role of perioperative 
endoscopic retrograde cholangiopancreatography (ERCP) 
is not well established. 

The experience with laparoscopic cholangiography at 
the University of Maryland Medical Center is reviewed 
to define further its safety and efficacy, and to suggest a 
role for the operative cholangiogram in the management 
of the patient undergoing laparoscopic cholecystectomy. 


Materials and Methods 


Laparoscopic cholecystectomy was attempted in 384 
consecutive patients at the University of Maryland Med- 
ical Center between September 1989 and January 1991. 
Twenty patients required intraoperative conversion to 
open cholecystectomy (5.2%) and were excluded from 
further analysis. The remaining 364 patients were included 
in this study. Patients who presented with evidence of 
choledocholithiasis, such as elevated serum bilirubin, di- 
lated common bile duct, or common duct stones on ab- 
dominal ultrasound, underwent preoperative ERCP. En- 
doscopic sphincterotomy and stone extraction were per- 
formed if common duct stones were diagnosed. 
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The decision to perform operative cholangiography was 
left to the discretion of the attending surgeon. Initially, 
the performance of cholangiography varied widely be- 
tween surgeons, but the practice of routine cholangiog- 
raphy was gradually adopted over the course of the study 
period. Standard portable x-ray equipment was used in 
all cases; no studies were performed under fluoroscopic 
guidance. All studies were performed by direct cystic duct 
cholangiography, with the aid of a cholangiography fix- 
ation clamp (Cabot Medical Inc.. Langhorne, PA). The 
clamp is a 5-mm diameter instrument with an atraumatic 
tip and hollow shaft, through which a polyethylene cath- 
eter may be inserted (Fig. 1). Direct puncture of the gall 
bladder or common bile duct to perform cholangiography 
was not used in this series. Cholangiography was not per- 
formed in patients with allergy to shellfish, iodine, or ra- 
diographic contrast material. 

The cholangiogram was performed early during the 
procedure, immediately after dissection and identification 
of the cystic duct. The junction of the cystic duct and 
gallbladder was determined and a single 9-mm surgical 
clip was applied to the duct just below the gallbladder 
neck. The grasper used to retract the neck of the gall- 
bladder was removed from the midclavicular port and 
reapplied through the epigastric port. Curved laparoscopic 
microscissors were inserted into the now vacant midclav- 
icular port and used to create an opening in the duct. The 
cholangiography fixation clamp, inserted through the 
same midclavicular port, was used to direct, insert, and 
secure the cholangiogram catheter in the cystic duct (Fig. 
2). All grasping forceps and nonessential metal instru- 
ments were removed from the operative field. Approxi- 
mately 10 mL half-strength iodinated contrast material 
was injected slowly, and a standard portable radiograph 
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was obtained. The procedure was repeated, if necessary, 
until an adequate cholangiogram was obtained. The tech- 
nique of laparoscopic cholangiography was recently de- 
scribed in detail.’ 


Results of Cholangiography 


Laparoscopic cholangiography was attempted in 165/ 
364 (45%) of patients who underwent laparoscopic cho- 
lecystectomy. Operative cholangiography was not at- 
tempted in 199/364 (55%) cases, for the reasons listed in 
Table 1. The surgical expertise and instrumentation 
needed to easily perform a cholangiogram was not avail- 
able during the first 74 cases, so a more accurate approx- 
imation of the rate of attempted cholangiography in this 
series is 165/290 patients (57%). 

Cholangiography was performed in 141 of 340 (38%) 
patients with a diagnosis of symptomatic cholelithiasis, 6 
of 17 (41%) patients with acute cholecystitis, and 3 of 7 
(43%) patients with biliary pancreatitis (Table 2). The 
other four patients with biliary pancreatitis had preop- 
erative cholangiography by ERCP. 


Results 


Cholangiography was successful in 150 of 165 (91%) 
attempts and unsuccessful in 15 of 165 (9%) attempts. 
Reasons for failure included inability to cannulate the 
cystic duct in 11 cases and contrast extravasation in four 
cases. No attempts at cholangiography by direct puncture 
of the gallbladder or common bile duct were made in 
cases where cystic duct cholangiography was unsuccessful. 

Operative cholangiograms were interpreted as normal 
in 134 of 150 cases (89%). None of these patients have 
required treatment for retained common duct stones dur- 








FIG. 1. Cholangiography fixa- 
tion clamp, with inset showing 
close-up view of clamp tip and 
protruding catheter tip. 
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sion, (B) guidance of chol- 
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ography clamp. 


ing the follow-up period (range, 3 to 15 months), for a 
false-negative rate of 0%. 

Of 150 cholangiograms, 16 (11%) were interpreted as 
abnormal. Four of the sixteen abnormal studies showed 


TABLE 1. Reasons for Omission of Cholangiography 








Indication No. (%) 
Technology unavailable 74 37 
Study not indicated 61 31 
No reason given 30 15 
Short cystic duct 13 6 
Preoperative endoscopic retrograde 

cholangiopancreatography 9 5 

Contrast allergy 8 4 
Purulent bile 3 1.5 
Cystic duct necrosis l 0.5 
Total 199 100 
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aberrant biliary anatomy of clinical significance, but no 
evidence of choledocholithiasis. All four patients have re- 
mained asymptomatic. The remaining 12 of 16 abnormal 
cholangiograms showed evidence of filling defects in the 
extrahepatic biliary tree. Six of the 12 studies with filling 
defects were thought to be strongly consistent with cho- 


TABLE 2. Performance of Cholangiography According to Diagnosis 





No. of No. of 
Diagnosis Cholangiograms Patients (%) 
Symptomatic cholelithiasis 141 340 38 
Acute cholecystitis 6 17 4l 
Biliary pancreatitis i 7 43 
Total 150 364 4] 





* The four patients who did not receive cholangiograms underwent 
preoperative endoscopic retrograde cholangiopancreatography. 
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ledocholithiasis. These studies showed ductal dilation, 
single or multiple irregular defects, or obstruction to the 
flow of contrast. The remaining six of 12 studies with 
filling defects were considered equivocal. These studies 
showed normal-caliber bile ducts with free flow of contrast 
into the duodenum, but small filling defects (1 to 2 mm) 
consistent with either small stones or air bubbles. 

Five of the six patients with cholangiograms strongly 
suspicious for choledocholithiasis had removal of com- 
mon duct stones. Four patients had postoperative ERCP 
and sphincterotomy and one had open common duct ex- 
ploration immediately after laparoscopic operative chol- 
angiography. The sixth patient refused postoperative 
ERCP, and has remained asymptomatic at 13 months’ 
follow-up. 

The six patients with equivocal studies were observed. 
Three of these six patients underwent postoperative ERCP 
for recurrent pain (Two of three also had mild nonspecific 
elevation of hepatic transaminases); all three ERCPs were 
normal. A total of 3 of 12 intraoperative cholangiograms 
with filling defects were subsequently proven normal at 
ERCP. The false-positive rate for cholangiograms suspi- 
cious for choledocholithiasis is therefore 25%. The false- 
positive rate for all cholangiograms is 3 of 150 (2%). 


/ 


16 abnormal (11% 
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Three patients with abnormal cholangiograms had fill- 
ing defects located in the cystic duct. Stones were extracted 
intraoperatively in 2 patients. The third patient had an 
attempt at operative extraction, but no stone was found. 
A repeat cholangiogram failed to show the filling defect, 
so the patient was observed. She subsequently required 
ERCP and sphincterotomy for a common bile duct stone. 
The cholangiography results and clinical outcome of all 
patients in the series are summarized in Figure 3. 


Management of Choledocholithiasis 


Proven common bile duct stones were found in a total 
of 16 of 364 patients (4.4%) (Table 3). Eight of sixteen 
Cases were suspected preoperatively and stones removed 
by ERCP and sphincterotomy. Five cases were discovered 
by operative cholangiography. Four of these cases were 
unsuspected (4/150, 2.6%), and the fifth was suspicious 
for choledocholithiasis but had an unsuccessful attempt 
at biliary cannulation during preoperative ERCP. The 
subsequent laparoscopic operative cholangiogram de- 
tected a common duct stone, which was removed during 
the same procedure by open common duct exploration. 
Three of sixteen common duct stones were recognized 
postoperatively in patients who did not receive operative 


1: refused ERCP 
6 c/w choledocholithiasis ——-» 4; ERCP/sphincterotomy 


1: open CBDE 


__—» 3: postop ERCP (all normal) 


) 
cs 
6 equivocal studies 
\ ao 3: no further treatment 


150 i, 
(91% 
4 abnormal anatomy —————-® no further treatment 
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e i 
attem 
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9%) 11: unable to cannulate ————______________» }. ERCP/sphincterotomy 
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FIG. 3. Flow chart showing cholangiography data and outcome for all patients. 
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TABLE 3. Detection and Treatment of Choledocholithiasis 


Method No, (%) 
Preoperative endoscopic retrograde 
cholangiopancreatography 8 50 
Operative cholangiography 
Unsuspected 4 25 
Suspected i 6 
Postoperative endoscopic retrograde 
cholangiopancreatography 3 19 
Total 167 100 


* This patient had elevated bilirubin and transaminase levels, with a 
failed attempt at endoscopic retrograde cholangiopancreatography before 
operation. Operative cholangiography findings were positive, and an open 
common duct exploration was performed. 

+ Total incidence of common duct stones was 16 of 364 (4.4%). 


cholangiograms. The last three cases represent retained 
common duct stones, which occurred in 3 of 214 patients 
(1.4%) in the group who did not receive a cholangiogram. 


Perioperative ERCP 


Endoscopic retrograde cholangiopancreatoraphy was 
performed in 35 of 364 (9.6%) of patients undergoing lap- 
aroscopic cholecystectomy (Table 4). The study was per- 
formed preoperatively in 20 patients and postoperatively 
in 15 patients. Eight of the twenty preoperative studies 
performed to exclude the presence of common bile duct 
stones were positive (40%), and 9 of 15 studies performed 
postoperatively showed evidence of choledocholithiasis 
(60%). One failed attempt at preoperative ERCP occurred 
in the series, in the patient described above. All other 
attempts at endoscopic stone extraction, both preoperative 
and postoperative, were successful. There was one com- 
plication related to the performance of ERCP (1/35, 2.9%). 
A mild case of pancreatitis occurred in a patient after 
postoperative ERCP and sphincterotomy, which required 
hospitalization with intravenous hydration and bowel rest 
for 48 hours. The patient recovered without further se- 
quelae. No complications occurred as a result of the three 
normal ERCPs performed in patients with equivocal in- 
traoperative cholangiograms. 


Operative Time and Cost 


Operative times were 96 + 8 minutes in patients not 
undergoing cholangiography and 116 + 15 minutes in 
patients who received an operative cholangiogram. The 
actual time necessary to perform individual cholangio- 
grams was not recorded prospectively, so the cholangi- 
ography time was approximated as the difference between 
the mean operative times of patients who received chol- 
angiograms and those who did not. The difference between 
these times translates into an average of 20 minutes for 
the performance of cholangiography. The average cost for 
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TABLE 4. Results of Endoscopic Retrograde Cholangiopancreatography 


Before Operation After Operation 


Total no. of studies 20 15 
No. of studies 

positive for 

common bile 


duct stores (%) 8 (40%) 9 (60%) 


an operative cholangiogram was computed based on this 
time of 20 minutes for cholangiography. Components of 
the total patient cost include the operative time ($7 per 
minute), the anesthesiologist’s fee, and the radiology fees. 
Anesthesia fees were calculated for 20 minutes of oper- 
ating time in a relatively healthy patient (ASA class I or 
Il). The radiology component included a professional in- 
terpretation fee and a technical fee to cover the cost of 
film and the technician to perform the radiograph. The 
average patient cost was calculated as the sum of these 
individual costs, or $299.50 (Table 5). 


Discussion 


The subject of operative cholangiography has generated 
considerable interest and controversy since its inception 
in 1932.'° Equally enthusiastic supporters may be found 
for both routine and selective performance of operative 
cholangiography. The weight of evidence in the current 
literature seems to support a policy of selective cholan- 
giography during “open” cholecystectomy. !!-'4 The rapid 
development and widespread acceptance of laparoscopic 
cholecystectomy, however, has caused the controversy 
surrounding operative cholangiography to resurface. 

Factors inherent with two-dimensional, video-directed 
surgery may alter the surgeon’s approach to the biliary 
tract. Laparoscopic removal of the gallbladder takes away 
the surgeon’s three-dimensional perspective, eliminates 
tactile clues, and limits the ability to provide exposure of 
the operative field. When combined with unfamiliar in- 
strumentation and lack of experience, the surgeon may 
be hesitant to venture near the common duct. This may 
impair the ability to identify safely the distal cystic duct 


TABLE 5. Cost of Operative Cholangiography 


Item Cost ($) 
Anesthesiology 48.00 
Operating room time ($7/min) 140.00 
Radiologic fees 

Technical fee 61.50 
Interpretation fee 50.00 
Total $299.50 


All costs are based on cholangiography time of 20 minutes and patient 
ASA class I or IT. 
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and common bile duct, especially during the learning 
phase of laparoscopic cholecystectomy. Operative chol- 
angiography provides an accurate “road map” to define 
the pertinent anatomy and minimize risk of injury. 

The routine use of cholangiography also may be useful 
to delineate abnormal biliary anatomy. Aberrant or un- 
usual anatomy of clinical significance occurs in 6% to 8% 
of cholecystectomies,'? and was detected in 2.6% (4/150) 
of patients in this series. The only biliary injury in the 
present series occurred in a patient with aberrant anatomy, 
with the cystic duct inserting into the right hepatic duct 
(Fig. 4). The injury occurred before the availability of 
cholangiography, and may have been prevented had a 
cholangiogram been performed. Obvicusly, it is not pos- 
sible to determine the number of injuries prevented by 
routine operative cholangiography in the absence of data 
from a controlled, prospective trial. Until the exact inci- 
dence of operative biliary injury and late stricture for- 
mation during laparoscopic cholecystectomy 1s clearly 
documented, routine use of cholangiography may be rec- 
ommended. i 

Another potential advantage of routine operative chol- 
angiography is the immediate detection of biliary injury 
when it occurs. This approach may decrease the morbidity 
and mortality rates resulting from delayed diagnosis. Some 


critics refute the contention that routine cholangiography - 


prevents biliary injury with the observation that many 
surgeons proceed with gallbladder dissection while await- 
ing development of the cholangiogram. ! Any advantage 
of defining the exact biliary anatomy would obviously be 
eliminated by this technique. Unlike open cholecystec- 
tomy, dissection of the gallbladder from the liver does not 
usually proceed while awaiting the development of the 
film during laparoscopic cholecystectomy. In addition, 
some surgeons advocate complete dissection of the gall- 
bladder away from the liver bed before cystic duct tran- 
section, to insure correct identification of ductal struc- 
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Fic. 4. Diagram of operative biliary injury that occurred as a result of 
inadvertent ligation of the right hepatic duct. 
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tures. -’ This is a difficult maneuver to accomplish during 
laparcscopic cholecystectomy. Routine performance of 
cholangiography may help to overcome these limitations 
of laparoscopic cholecystectomy and make inadvertent 
injury to unrecognized or aberrant ductal structures less 
likely. 

The role of laparoscopic cholangiography for the de- 
tection of unsuspected common bile duct stones is less 
clear. >atients at risk for choledocholithiasis are evaluated 
and treated preoperatively, because laparoscopic surgical 
options for the treatment of choledocholithiasis are limited 
at present. The development of laparoscopic common bile 
duct exploration may eventually change this approach.’ 
The fact that “high-risk” patients are screened and treated 
with ERCP before cholecystectomy makes it impossible 
to draw conclusions regarding the efficacy of laparoscopic 
cholangiography in detecting common bile duct stones 
from this data. The incidence of unsuspected common 
bile duzt stones discovered during cholangiography in this 
series 15 4 of 150 patients (2.6%), consistent with that pub- 
lished tm other series of laparoscopic (3% to 7%) and open 
(5% to 10%) cholecystectomies. !?!®-?° 

An additional benefit of routine cholangiography is the 
detection of stones in the cystic duct. Three patients had 
stones >resent in the distal cystic duct. Although the nat- 
ural history of stones left in the cystic duct is not clear, 
at least one patient in the series required postoperative 
ERCP and extraction of a cystic duct stone that apparently 
migrated into the common bile duct. The lack of ability 
to palpate the duct and the frequent uncertainty about 
the exact length of the cystic duct during laparoscopic 
cholecystectomy are obviated by performance of a chol- 
angiogram. The hesitancy to dissect near the common 
duct is likely to become less of an issue as the technical 
skills of surgeons increase, illustrated by the recent report 
of a series of laparoscopic common bile duct explorations." 

The total incidence of known common bile duct stones 
in this series is only 4.6%, which is somewhat lower than 
the usually quoted figure of 8% to 13%.7! This figure may 
reflect our early referral pattern of patients at low risk for 
choledocholithiasis.27 These patients presented almost 
exclusively with mild to moderate symptomatic choleli- 
thiasis. Only 7 of the first 200 patients (3.5%) in our series 
had abrormal biochemical testing or abdominal ultra- 
sound results (except for the presence of cholelithiasis), 
placing them at low risk for the presence of common duct 
stones. The incidence of common duct stones in our last 
184 patients is nearly 10% (unpublished data). 

Other reasons for the routine performance of laparo- 
scopic cholangiography relate to the development of the 
skills necessary to perform the study. Even opponents of 
routine -aparoscopic cholangiography acknowledge that 
the ability to perform a cholangiogram is necessary.” 
Current data suggest that some “learning curve” is present; 
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one recent series required the performance of 37 chol- 
angiograms before completion of the study was routinely 
successful.” It is desirable to develop the technique on 
easier cases so that the likelihood of success is increased 
when cholangiography is necessary in a difficult situation. 
Recent data suggest that the successful cannulation rate 
may be lower in institutions where cholangiography is 
performed infrequently. The failure rate in 1518 collected 
patients reported by the Southern Surgeons Club (where 
the majority of surgeons practice selective laparoscopic 
cholangiography) is 23%,” whereas failure rates from large 
series where routine laparoscopic cholangiography is per- 
formed are less, in the range of 6% to 10%.*?° The un- 
successful cannulation rate in this series is 9%, in agree- 
ment with these data. An additional consideration is the 
training of surgical residents. Routine cholangiography 


insures that each resident that completes training in lapa- - 


roscopic cholecystectomy also will be competent in lapa- 
roscopic cholangiography. Training issues such as these 
have recently stimulated interest in the surgical litera- 
ture.?’ 

Reasons against the use of routine cholangiography in- 
clude increased operative time, expense, risk of biliary 
injury, low yield of unsuspected common duct stones, 
and a concern over an increased risk of false-positive 
studies, leading to unnecessary common bile duct explo- 
ration or ERCP. 

The present data show an increase in operative time of 
20 minutes in cases where an operative cholangiogram is 
performed. It was assumed that this time difference was 
due primarily to the performance of the cholangiogram. 
Because this value was obtained from retrospective anal- 
ysis, it is subject to inherent selection bias. The level of 
difficulty of the dissection and surgeon experience were 
not controlled factors. This value, however, is consistent 
with estimates of the time necessary to obtain an open 
operative cholangiogram at our institution. The gradual 
adoption of routine cholangiography during the second 
half of the study should help to minimize this bias. 

The estimated patient cost of an individual cholangio- 
gram in this series is $299.50. Forty-seven per cent of that 
cost is due to operating room time. The use of fluoroscopic 
imaging equipment has been shown to substantially re- 
duce that time,’ and may help to control cost. However, 
routine fluoroscopic capability is not readily available to 
many general surgeons at present. 

Laparoscopic cholangiography appears to be a safe 
technique. In several published series to date, no biliary 
injury or other complications have been attributed to the 
performance of a cholangiogram.'~>!® One hundred fifty 
studies without complication are reported in this series. 

False-positive rates as high as 29% have been recently 
reported during open cholecystectomy,.”® although more 
commonly accepted rates are 3% to 10%.!*!%? The false- 
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positive rate in this series is 2% for all studies and 25% 
for the 12 abnormal studies. 

The primary concern over a false-positive cholangio- 
gram during open cholecystectomy is that it may result 
in an unnecessary common bile duct exploration. Using 
our treatment algorithm, the result of a false-positive lap- 
aroscopic cholangiogram is the performance of an un- 
necessary diagnostic ERCP. Although ERCP is not a triv- 
jal procedure, the morbidity and mortality rates of diag- 
nostic ERCP are considerably lower than those of 
common bile duct exploration.” No complications 
arose from the three unnecessary ERCPs performed in 
this series. The incidence of false-positive cholangicgrams 
during laparoscopic cholecystectomy should ultimately 
approach that during open cholecystectomy because there 
are no inherent differences between open and laparcscopic 
cholangiography except for the use of a clamp to direct 
and secure the catheter in the cystic duct. Good operative 
technique and careful attention to detail are critical. 

The authors currently advocate routine cholangiogra- 
phy during laparoscopic cholecystectomy despite the ac- 
knowledged increase in both operative time and cost. The 
benefits obtained from clarification of biliary anatomy, 
detection of cystic and common bile duct stones, and is- 
sues of iraining may outweigh these disadvantages. 
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Donor Hyperglycemia as a Minor Risk Factor and 
Immunologic Variables as Major Risk Factors for 

Pancreas Allograft Loss in a Multivariate Analysis 

of a Single Institution’s Experience 





PAUL F. GORES, M.D., KRISTEN J. GILLINGHAM, M.S., DAVID L. DUNN, M.D., PH.D., 
KAY C. MOUDRY-MUNNS, R.N.C., C.C.R.N., JOHN S. NAJARIAN, M.D., 


The impact of multiple donor and recipient variables on functional 
survival of 307 cadaveric pancreas allografts transplanted in 253 
recipients at the authors’ institution between July 25, 1978 and 
September 4, 1990 was determined using the Cox proportional 
hazards regression model. Relative risk of graft loss was cal- 
culated for all cases as well as for technically successful (TS) 
ones. Factors with an impact in descending order of significance 
for TS cases were immunosuppression (RR = 3.9 for double- 
drug versus triple-drug maintenance, p < 0.0001); recipient 
category (RR = 2.4 for pancreas alone versus simultaneous pan- 
creas/kidney, p = 0.009); retransplantation (RR = 1.8 for re- 
transplants versus primary grafts, p = 0.007); donor hypergly- 
cemia (RR = 1.7 for blood glucose = 200 versus < 200mg/dL, 
p = 0.02); human leukocyte antigen (HLA) matching (RR = 2.1 
for poor versus a good match, p = 0.04). A logistic regression 
analysis also was performed to determine which factors predis- 
posed to technical failure; none were identified. To make the 
model as relevant as possible to their current program, the au- 
thors analyzed only the bladder-drained cases (n = 221; 1984 
to 1990). All patients received triple therapy. Recipient category, 
retransplantation, donor hyperglycemia, and degree of HLA 
matching remained as significant risk factors. Construction of 
estimated survival curves showed that the results of retrans- 
plantation were significantly improved, and the penalty incurred 
by using hyperglycemic donors was partially ameliorated by using 
well-matched donors. Because preservation times up to 30 hours 
did not exert an adverse effect on outcome, an argument is made 
to share pancreata between centers to achieve good matches. 


continuously improved during the past decade. ! 
Factors seemingly associated with this improve- 
ment.include a reduction in technical complications,” 
more effective immunosuppression by combination drug 
therapy,’ and earlier diagnosis and treatment of rejection 
episodes, either by monitoring the kidney in synchronous 
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transplants’ or by measuring the enzyme activity of graft 
exocrine secretions,” which is made possible by a tem- 
porary catheter” or continuously by urinary drainage into 
the bladder.’ In addition, data from the Pancreas Trans- 
plant Registry,'” as well as from our own experience at 
the University of Minnesota,'® show graft survival rates 
to be higher in recipients who are matched than in those 
who are mismatched for donor antigens at the human 
leukocyte antigen (HLA)-DR locus. 

The influence on pancreas transplant outcome of vari- 
ables such as hyperglycemia, hyperamylasemia, need for 
dopamine, age, and other possible risk factors have not 
been extensively studied, although a previous univariate 
analysis of the University of Minnesota experience sug- 
gested that donor hyperglycemia was associated with de- 
creased long-term pancreatic allograft survival.'! In the 
analysis presented here, we used the Cox proportional 
hazards regression model to determine the prognostic sig- 
nificance of these and other factors for pancreas transplant 
outcome at a single institution. 


Materials and Methods 
Patients, Techniques, and Management 


The 307 cadaver donor pancreas transplants performed 
in 253 recipients at the University of Minnesota Hospital 
between July 25, 1978 and September 4, 1990 provided 
the material for analysis. Descriptions of the patient de- 
mograrhics, surgical techniques, methods of graft pres- 
ervation, and immunosuppressive regimens have been 
provided in other publications,'?~'4 and only the salient 
details are briefly reiterated here. 
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_ Forty-six of the donor pancreata were segmental, and 

251 were either whole or whole pancreaticoduodenal 
grafts. One hundred twenty-two cadaver pancreas grafts 
were procured from donors who also gave livers. 

Before 1983, pancreas grafts were transplanted im- 
mediately after completion of the donor operation. Since 
1983, cadaver grafts have been preserved by cold storage!‘ 
in either silica-gel—filtered plasma solution (n = 180) or 
the University of Wisconsin (UW) solution (n = 108) for 
4 to 38 hours (mean, 16.4 + 6.8 hours). 

The recipients were classified into three categories: a 
pancreas transplant alone (PTA, n = 113), a pancreas 
after a kidney transplant (PAK, n = 94), and a simulta- 
neous pancreas and kidney transplant (SPK, n = 99). In 
addition, one patient received a simultaneous pancreas 
and liver transplant. Patients who received more than one 
pancreas transplant could be in one category for their 
primary grafts and another for their retransplants. 

Management of the graft pancreatic duct by order of 
introduction into our series was by free drainage into the 
peritoneal cavity (open duct) in 10, ligation in 3, duct 
injection in 35, enteric drainage in 38, and bladder drain- 
age in 221. Between November 1984 and July 1986, a 
prospective comparison of enteric and bladder drainage 
was conducted.!? Since that time, the bladder drainage 
technique has been used almost exclusively, except for 
special situations, such as in patients diabetic as a con- 
sequence of total pancreatectomy, in which case enteric 
drainage was used to correct exocrine as well as endocrine 
deficiency.'° Again, patients who received a first transplant 
by one technique could receive a subsequent transplant 
by another technique. 

A variety of immunosuppressive regimens have been 
used, reflecting the advances that have been made during 
the period studied. Azathioprine and prednisone were 
used for maintenance immunosuppression in all cases 
from 1978 to 1981, whereas cyclosporine and prednisone 
were used for this purpose from 1981 to 1983. Beginning 
in 1983, cyclosporine, azathioprine, and prednisone were 
used in combination (triple therapy).!° Before July 1986, 
Minnesota antilymphocyte globulin (ALG) was used only 
in recipients of cadaver pancreas transplants alone. Since 
1986, all recipients of solitary pancreas transplants (PTA 
or PAK) have been given 20 mg/kg/day ALG for 7 to 14 
doses, as were all SPK recipients until 1988. Since 1988, 
SPK recipients have been randomized to induction with 
either OKT3 (5 mg/dose for 7 to 14 doses) or ALG as 
part of a study that also includes recipients of cadaver 
kidney transplants alone. 


Statistical Analysis 


Univariate Analysis. Patient and graft survival rates 
were calculated by the actuarial method. Grafts were con- 
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sidered functioning as long as the recipients were insulin 


independent. Graft loss was defined as resumption of ex- 


ogenous insulin for whatever reason, or death with a 
functioning graft. Graft survival rates were calculated for 
all and for technically successful (TS) cases. In addition, 
separate analyses were conducted of all and of only the 
technically successful bladder drained cases between 1984 
and 1990. Grafts lost for nonimmunologic reasons, such 
as thrombosis, infection, bleeding, or pancreatitis were 
defined as technical failures (TF). 

The probability that a difference between actuarial sur- 
vival rate curves of recipient groups according to a single 
variable was due to chance alone was calculated by the 
Gehan variant of the generalized Wilcoxon test.!” P values 
less than 0.05 were considered statistically significant. 

Multivariate Analysis. The proportional hazards 
regression model of Cox!® was used to simultaneously 
determine the significance of several variables in both the 
donor and recipient on graft survival and the relative risk 
for graft loss based on these factors. The BMDP statistical. 
package! was employed to fit the regression model, and 
log hazard plots were constructed to ensure that model 
assumptions were satisfied. The variables included are de- 
scribed in the Results section. 


Results 
Analysis of Cadaver Donor Grafts: All Techniques 


The analyses presented in this section of the influence 
of both donor and recipient factors on outcome are in- 
clusive of the entire series of cadaveric pancreas trans- 
plants performed from 1978 to September 1990, regardless 
of duct management method. Separate analyses of all cases 
and of technically successful cases were performed in both 
the univariate and multivariate limbs of these studies. 

Univariate Analysis. In accordance with our previous 
report,'' donor hyperglycemia (glucose = 200 mg/dL) was 
associated with a significantly lower graft functional sur- 
vival rate, and this was true whether all or only TS cases 
were analyzed (Table 1). Functional survival was also 
longer when the pancreas was procured from donors that 
also gave a liver. This is likely an era effect (Table 2), 
because the combined procedure was performed only 
sporadically before 1985, whereas it became routine after 
that time. 

Similarly, the apparent improved survival of grafts that ° 
were preserved for 24 to 30 hours as opposed to less than 
24 hours is an era effect, because early on in our series 
grafts were transplanted immediately after procurement. 
The same explanation may apply to the trend toward im- 
proved survival observed with pancreata preserved with 
UW solution because that solution was only used later in 
the series. 
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TABLE 1. Univariate Analysis of Donor Factors That Influence Pancreas Allograft Survival: All Cadaver Donor Cases 


% l-yr Graft Survival 


Donor Factor All Cases TS Cases 
Glucose 
<200 mg/dL 57 (n = 124) p = 0.01 71 (n = 97) p = 0.002 
>200 mg/dL 40 (n = 164) 48 (n = 132) 
Liver also procured 
Yes 58 (n = 122) p = 0.0004 69 {n = 100) p = 0.0004 
No 38 (n = 183) 53 (n = 145) 
Preservation time (hr) 
<24 49 (n= 244) p = 0.09 61 (n = 192) 
24-30 66 (n = 27) 70 (n = 24) p = 0.56 
>30 33(n=6) }P= 0.08 50 (n = 4) 
Preservation solution 
58 (n = 106) p = 0.07 69 (n = 88) p = 0.08 
Plasma based 47 (n = 167) 58 (n = 130) 
A, B mismatch 
0 77 (n = 18) 0 ys. 2; p = 0.02 81 (n = 17) 0 vs. 2; p = 0.04 
j 47 (n = 40) 0 vs. 3; p = 0.03 56 (n = 34) 0 vs. 3; p = 0.07 
2 43 (n = 83) 0 vs. 4; p = 0.05 49 (n = 68) 2 vs. 4; p = 0.06 
3 44 (n = 53) 54 (n = 76) 3 vs. 4; p = 0.04 
4 51 (n = 69) 70 (n = 49) 
DR mismatch 
0 53 (n = 56) 0 vs. 2; p = 0.05 57 (n = 50) 
1 54 (n = 153) 68 (n = 119) 1 vs. 2; p = 0.007 
2 38 (n = 88) 47 {n= 71) 
Amylase (IU/L) 
<200 53 (n = 159) p = 0.28 64 (n = 127) p = 0.48 
>200 47 (n = 42) 62 (n = 32) 
Age (yr) 
<10 34 (n = 13) 44 (n = 10) 
10-50 48 (n = 270) p = 0.90 58 (n = 216) p = 0.75 
>50 52 (n = 23) 56 {n = 21) 
Donor sex 
M 43 (n = 201) p = 0.16 54 (n = 159) p = 0.45 
F 56 (n = 105) 64 (n = 88) 
Vasopressor support 
No 39 (n = 63) p = 0.12 56 (n = 45) p = 0.45 
Yes 49 (n = 243) 58 (n = 202) 


TS, technically successful, UW, University of Wisconsin. 


Minimizing the degree of HLA-DR as well as HLA- 
A, B mismatching had a favorable effect on graft survival 
(Table 1). No significance was seen, however, with regard 
to donor serum amylase, age, sex, or whether the donor 
was or was not on vasopressor support. 

The univariate analysis of recipient factors is shown in 
Table 2. Factors that had a significant influence on the 
outcome in both the analysis of all cases as well as that 
of only TS cases included recipient category, method of 
duct management, immunosuppressive maintenance 
regimen, use of anti-T cell antibodies, type of graft, and 
era transplanted. Pancreata transplanted simultaneously 
with a kidney had a higher functional survival rate than 
those transplanted alone or after a kidney; bladder-drained 
grafts functioned longer than enteric or duct injected 
grafts; whole pancreata functioned longer than segmental 
grafts; grafts in patients given triple therapy functioned 
longer than in those given two drugs for maintenance 
immunosuppression; and grafts from patients given anti- 


T cell preparations prophylactically functioned longer 
than those in patients not given such treatment. There 
was also a significant effect of the era in which the grafts 
were transplanted, however; those placed in 1986 to 1990 
survived longer than those placed in the earlier eras. Be- 
cause all of the variables listed above were at least in part 
era related, whether the changes made were responsible 
for the improvement by era, or if the improvement by 
era was a nonspecific effect of our increasing experience, 
making the variables introduced within the various eras 
assume significance, is uncertain. The only recipient fac- 
tors in the univariate analysis in which significant differ- 
ences between values were not seen were age, sex, and 
whether the graft was a primary one or a retransplant. 

Multivariate Analyses. The results of analyses in which 
only donor factors were considered in the model are shown 
in Table 3. 

Significant factors in the analysis of all cases as well as 
TS cases were the degree of HLA mismatching, the pres- 


TABLE 2. Univariate Analysis of Recipient Factors That Influence Pancreas Allograft Survival: All Cadaver Donor Cases 


Recipient Factors 


Recipient category 
PTA 
SPK 
PAK 
Duct management 
Open 
(DI) 
(ED) 
(BD) 
Immunosuppression 
Double-drug therapy 
Triple-drug therapy 
ALG or OKT3 
No 
Yes 
Type of graft 
Whole 
Segmental 
Year of transplant 
1978-1980 
1981-1985 
1986~1990 
Recipient age (yr) 
<45 
>45 
Recipient sex 
M 
F 
No, of transplants 
Primary 
Retransplant 


TS, technically successful; PTA, pancreas transplant alone; SPK, si- 


% {-yr Graft Survival 


All Cases 


42 (n = 113)} p = 0.02 
63 (n = 99) 
38 (n = 94) } p= 0.04 


20 (n = 10) open vs. BD; p = 0.02 
14 (n = 35) DI ys. BD; p = 0.00001 
33 (n = 38) ED vs. BD; p = 0.03 
57 (n = 221) 


17 (n = 50) p < 0.00001 
53 (n = 257} 


31 (n = 128) p < 0.00001 
58 (n = 179) 


52 (n = 251) p = 0.0009 
27 (n = 56) 


23 (n = 13) 1978—1980 vs. 1986-1990 p = 0.04 
25 (n = 69) 1981-1985 vs. 1986-1990 p < 0.0001 
56 (n = 225) 


48 (n = 290) p = 0.18 
25 (n = 17) 


47 (n = 129) p = 0.55 
47 (n = 178) 


49 (n = 235) p = 0.68 
42 (n = 72) 


multaneous pancreas/kidney transplant; PAK, pancreas after kidney 


TS Cases 


52 (n= 92) } p = 0.0002 
79 (n = 79) 
44 (n = 75)$ p = 0.00001 


29 {n = 7) open vs. BD; p = 0.01 
15 (n = 33) DI vs. BD; p < 0.00001 
47 (n = 25) ED vs. BD; p < 0.04 
69 (n = 181) l 


20 (n = 43) p < 0.00001 
66 (n = 204) 


41 (n = 97) p < 0.00001 
68 (n = 150) 


63 (n = 204) p < 0.00001 
33 (n = 43) 


28 (n = 11) 1978-1980 vs. 1986-1990 p = 0.002 
3i (n = 51) 1981-1985 vs. 1986-1990 p < 0.0001 
67 (n = 185) 


58 (n = 236) p = 0.69 
40 (n = 11) 


59 (n = 102) p = 0.93 
57 {n = 145) 


62 (n = 183) p = 0.09 
47 (n = 64) 


transplant; DI, duct injected; ED, enteric drained; BD, bladder drained. 


TABLE 3. Cox Regression Analysis of Donor Factors That Influence Pancreas Allograft Survival: All Cadaver Donor Cases 





All Cases TS Cases 
Factor p Relative Risk p Relative Risk 
2-4 A, B mm, 2 DR mm 0.02 2.1 0.09 1.8 
(vs. 0-1 A, B mm, 0-1 DR mm) 
2-4 A, B mm, 0-1 DR mm 0.06 1.7 NS 
(vs. 0-1 A, B mm, 0-1 DR mm) 
0-1 A, B mm, 2 DR mm NS NS 
(vs. 0-1 A, B mm, 0-1 DR mm) 
Donor glucose (mg/dL) 0.03 1.4 0.03 1.6 
(2200 vs. <200) 
1978-1980 NS NS 
(vs. 1986-1990) l 
1981-1985 0.009 1.6 <0.0001 2.1 
(vs. 1986-1990) 
Preservation (hr) 0,08 3.4 NS 
(=30 vs <30) 
Donor age (yr) NS NS 
(>50 or <10 vs. other) 
Donor sex NS ~ NS 
(M ys. F) 
Liver donor NS NS 
(no vs. yes) 
Vasopressor support NS NS 
(yes vs. no) 





TS, technically successful; mm, mismatch. 


` 


Vol. 215 a No. 3 


ence of hyperglycemia in the donor, and the era in which 
the transplant was performed. 

-~ The effect of a given degree of DR mismatch was found 
to depend on the level of A, B mismatch and vice versa, 
prompting the creation of the combined variables dis- 
played in Tables 3, 4, 7, and 8. The relative risk associated 
with each of these variables is in reference to the best- 
matched group (0 to | A, B mm, 0 to 1 DR mm), which 
is the group that displayed the best graft survival (64% at 
| year). 

Poorly matched grafts (2 to 4 A, B mm, 2 DR mm) 
were a risk factor in both analyses, but the level of sig- 
nificance in the TS cases was marginal (p = 0.09). 

Preservation in excess of 30 hours was a significant risk 
factor in the analysis of the entire series. It did not assume 
importance in the analysis of TS cases, presumably be- 
cause of small numbers, with most of the grafts being 
preserved for this length of time being classified as tech- 
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nical failures. Preservation times between 24 and 30 hours 
were associated with the best graft survival, but were con- 
founded with era. Thus, the relative risk of 24- to 30-hour 
yersus less-than-24-hour preservation could not be as- 
sessed. 

The era of 1981 to 1985 remained in the model as an 
independent risk factor for graft loss and presumably re- 
flects the effect of the learning curve being generated at 
that time. The fact that the era 1978 to 1980 was not a 
significant risk factor is probably due to the small number 
of cases (n = 13) 1n that early period. 

A significant finding contained in Table 3 is the im- 
portance of donor hyperglycemia. A blood glucose con- 
centration in excess of 200 mg/dL segregated as an in- 


dependent risk factor in the analysis of all cases and in 


the analysis of TS cases. Isolated donor factors with no 
impact on outcome in the analysis of all and only TS 
cases included donor age and sex, whether or not a liver 


TABLE 4, Cox Regression Analysis of Donor and Recipient Factors That Influence Pancreas Allograft Survival: All Cadaver Cases 


All Cases 


Factor p 

2-4 A, B mm, 2 DR mm 0.009 
(vs. 0-1 A, B mm, 0-1 DR mm) 

2-4 A, B mm, 0-1 DR mm 0.03 
(vs. 0-1 A, B mm, 0-1 DR mm) 

0-1 A, B mm, 2 DR mm NS 
(vs. 0-1 A, B mm, 0-1 DR mm) 

Donor glucose (mg/dL) 0.04 
(=200 vs. <200) 

Preservation (hr) 0.09 
{>30 ys. <30) 

Donor age {yr} NS 
(>50 ys. <50) 

Donor sex NS 
(M ys. F) 

Liver donor NS 
(yes vs. no} - 

Vasopressor support of donor NS 
(yes vs. no) 

Immunosuppression 0.008 
(double vs. triple drug therapy) 

Recipient age (yr) 0.03 
(>45 vs. <45) 

SPK NS 
(PTA vs. SPK) 

PAK NS 
(PTA vs. PAK) 

Retransplant NS 
(yes vs. no) 

Type of Graft NS 
(whole vs. segmental) 

Duct management NS 
(bladder drainage vs. other) 

ALG or OKT3 NS 
(no vs. yes) 

Recipient sex NS 
(M ys. F) 


TS Cases 
Relative Risk p Relative Risk 
2.3 0.04 2.1 


2.0 NS 


1.4 0.02 1.7 


3.4 NS 


2.1 <0.0001 3.9 
1.9 NS 
0.009 2.4 
0.07 1.7 
0.007 1.8 
NS 
NS 
NS 


NS 





TS, technically successful; mm, mismatch; SPK, simultaneous pan- 


creas/kidney transplant; PTA, pancreas transplant alone; PAK, pancreas 
after kidney transplant. 
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was also procured, and whether or not the donor received 
vasopressor support in the perioperative period. 

The results of an analysis in which both donor and 
recipient factors were included in the model are shown 
in Table 4. In this analysis, era was confounded with im- 
munosuppressive regimen (triple-therapy versus double- 
drug regimens); therefore, both variables could not be 
considered simultaneously. We chose to retain the im- 
munosuppressive regimen in the model and found that 
being on a double-drug regimen was the most significant 
risk factor in the analysis of all cases and in the analysis 
of only the TS cases. 

The addition of recipient factors to the model did not 
diminish the importance of the presence of hyperglycemia 
in the donor. It remained an independent risk factor of 
similar magnitude and is in contrast to the results of an 
earlier analysis of our series in which donor hyperglycemia 
seemed to be of relatively minor importance, with its sig- 
nificance being outweighed by the influence of recipient 
variables.” 

The degree of HLA mismatching remained an impor- 
tant factor, with the most poorly matched group (2 to 4 
A, B mm, 2 DR mm) at significantly increased risk for 
graft loss. Of the remaining variables, only recipient age 
was of significance in the analysis of all cases. This is 
probably a result of diminished patient survival of older 
recipients. The Cox analysis ofall cases rerun using patient 
mortality as the endpoint showed recipient age of 45 years 
or older to be an independent risk factor (p = 0.02; RR 
= 4.9; data not shown). Among the TS cases, however, 
recipient group was important in that recipients of a pan- 
creas alone were 2.4 times more likely to lose their graft 
than were recipients of simultaneous pancreas/kidney 
transplants (p = 0.009) and 1.7 times more likely than 
recipients ofa pancreas after a previously successful kidney 
transplant (p = 0.07). 

Retransplantation was not an important prognosticator 
in the analysis of all cases, but in the TS group retransplant 
recipients were 1.8 times as likely to experience graft loss 
as were recipients of a primary graft (p = 0.007). 

Of note is that the method of duct management did 
not factor into the model as a significant risk factor. This 
does not appear to be due to confounding of variables. 
For example, the correlation between bladder drainage 
and the variables found to be significant in the analysis 
of all TS cases was —0.06 for the degree of HLA mm (2 
to 4 A, B mm, 2 DR mm), —0.22 for donor glucose, —0.31 
for triple therapy, —0.17 for SPK, 0.04 for PAK, and 
—0.16 for retransplantation. 


Analysis of Bladder-drained Cadaveric Pancreas Trans- 
plants: 1984 to 1990 


To simplify the model as much as possible and retain 
relevance to our current transplant program, we per- 
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formed both univariate and multivariate analyses of the 
bladder-drained pancreas transplant cases, as summarized 
in the following section. 

Obviously duct management could not be a variable 
in these analyses, but neither was maintenance immu- 
nosuppression, because all recipients of bladder drained 
grafts were given triple therapy. Otherwise, all the factors 
included in the analyses of the entire series were subject 
to analysis in the series of bladder-drained pancreas trans- 
plants, both in the univariate and multivariate models. 

Univariate Analyses. Donor hyperglycemia once again 
was significant. Pancreata from donors with blood glucose 
levels of less than 200 mg/dL had a higher graft functional 
survival rate than pancreata from donors with blood glu- 
cose levels higher than 200 mg/dL, whether all bladder- 
drained cases or only the technically successful bladder- 
drained cases were considered (Table 5). 

Minimizing antigen mismatches at the A, B and DR 
loci also was associated with improved graft survival, but 
recipient category had less of an impact than in the anal- 
ysis of the entire series (Tables 5 and 6). There was not a 
significant difference in functional survival rates for grafts 
stored in UW- versus the plasma-based solution. However, 
the functional survival rate tended to be lower for grafts 
stored for more than 30 hours versus those stored for less 
than 30 hours. 

In contrast to the univariate analysis of the entire series, 
for bladder-drained cases the outcome was not better when 
the liver was procured, a factor that was an artifact of era 
in the larger analysis. 

Even though this analysis spanned only from 1984 to 
1990, an era effect was seen in the analysis of all bladder- 
drained cases (Table 6). In contrast to the univariate anal- 
ysis of the entire series dating back to 1978, an adverse 
effect of receiving a second pancreas graft as opposed to 
a primary graft was evident when only the technically 
successful cases were considered. 

Recipient category had less impact in the analysis of 
bladder-drained cases than in the analysis of the entire 
series. In fact, significance was only reached in the analysis 
of the TS cases. Recipients of TS simultaneous pancreas/ 
kidney grafts fared better than recipients of a TS pancreas 
alone (p = 0.01), but not significantly better than those 
who received a TS pancreas after a kidney (p = 0.15). 

Bladder-drained pancreas transplants alone did so 
much better than the pancreas transplants alone managed 
by other techniques that the differences in outcome com- 
pared with the SPK cases was much less than in the anal- 
ysis of the entire series. Nevertheless, even with bladder 
drainage the univariate analysis showed better outcome 
for pancreata transplanted simultaneously with a kidney. 

Multivariate Analysis. The results using the Cox model 
in which donor factors were analyzed for impact on out- 
come of bladder-drained pancreas transplants are given 
in Table 7. As in the analysis of donor factors alone for 
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TABLE 5. Univariate Analysis of Donor Factors That Influence Pancreas Allograjt Survival: Bladder-Drained Cadaver Donor Cases 


% 1-yr Graft Survival 


Donor Factor All Cases TS Cases 

Glucose (mg/dL) 
<200 63 (n = 97) p = 0.03 77 (n = 77) p = 0.009 
2200 50 (n = 112) 61 {n = 92) 

: Liver also procured 
Yes 60 (n = 112) p = 0.30 72 (n = 92) p = 0.18 
No 55 (n = 106) 67 (n = 87) 

Preservation time (hr) . 
<24 56 (n = 188) 69 (n = 153) 
24-30. 68 (n = 25) p = 0.06 73 (n = 22) p = 0.59 
>30 33 (n = 6) 50 (n = 4) 

Preservation solution 
UW 59 (n = 104) p = 0.62 70 (n = 86) p = 0.66 
Plasma based 57 (n = 113) 68 (n = 92) 

AB mismatch 
0 92 (n = 14) 92 {n = 14) 
i 63 (n = 29) 0 ys. 1; p = 0.06 76 (n = 24) 
2 54 (n = 56) 0 ys. 2; p = 0.007 62 (n = 45) 0 vs. 2; p = 0.04 
3 55 (n = 65) 0 vs. 3; p = 0.01 64 (n = 56) 0 vs. 3; p = 0.04 
4 56 (n = 53) 0 vs. 4; p = 0.009 76 (n = 39) 

DR mismatch 

0 63 (n = 43) 0 vs. 2; p = 0.08 67 (n = 39) 
1 61 (n = 120) 77 {n = 95) 1 vs. 2; p = 0.01 
2 46 (n = 57) 57 (n = 46) 

Amylase (IU/L) 
<200 60 (n = 135) p = 0.18 72 (n = 111) p = 0.37 
>200 51 (n = 33) 68 (n = 25) 

Age (yr) 
<10 60 (n = 5) 100 (n = 3) 
10-50 58 (n = 194) p = 0.45 70 (n = 159) p = 0.06 
>50 52 (n = 21) 57 (n = 19) 

Sex 
M 54 (n = 136) p = 0.52 68 (n = 108) p = 0.64 
F 63 (n = 84) 71 (n = 73) 

VYasopressor support 

No 59 (n = 38) p = 0.83 72 (n = 32) p = 0.82 
Yes 57 (n = 182) 69 (n = 149) 
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TS, technically successful; UW, University of Wisconsin. 


the entire series, the degree of HLA mismatching had a 
significant impact on outcome in both the analyses of all 
(p = 0.003) and of TS (p = 0.006) cases, with a relative 
risk of 3.6 in all and 4.5 in TS cases for the most poorly 
matched group (2 to 4 A, B mm, 2 DR mm) versus the 
best-matched group (0 to | A, B mm, 0 to | DR mm). 
Perioperative glucose, however, had only a marginal im- 
pact in the analysis of donor factors alone for TS cases, 
in contrast to a clearly significant effect in the analysis of 
the entire series (Table 3). Once again, graft preservation 
in excess of 30 hours was associated with increased risk 
of graft loss when all bladder-drained cases were analyzed, 
but donor sex, donor age, the year in which the transplant 
was performed, whether or not a liver was procured, and 
whether or not the donor required vasopressor support 
in the perioperative period did not. 

The addition of recipient factors to the model (Table 
8) did not change the importance of the degree of HLA 
matching in the analysis of all bladder-drained cases. The 
impact of HLA matching was still measurable in the anal- 


ysis of the TS cases, but it was less pronounced than when 
only donor factors are considered. 

As in the analysis of donor and recipient factors in the 
entire series, the presence of donor hyperglycemia was of 
prognostic importance, more so in the TS cases (RR = 1.9, 
p = 0.04) than in the analysis of all bladder-drained grafts. 
Recipients of TS simultaneous pancreas/kidney trans- 
plants continued to have a higher pancreas graft survival 
rate than recipients of TS pancreas transplants alone. In 
contrast to the results in the overall series, however, re- 
cipients of a pancreas transplant alone in the bladder 
drainage era were not at a significantly higher relative risk 
of graft loss than were recipients of a pancreas after a 
previously successful kidney transplant, again reflecting 
the better results achieved in the current era in the pan- 
creas transplant alone group. Preservation of the graft in 
excess of 30 hours continued to be a variable of marginal 
prognostic significance. 

The increased risk associated with retransplantation was 
apparent in the analysis of all bladder-drained cases and 
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TABLE 6. Univariate Analysis of Recipient Factors That Influence Pancreas Allograft Survival: Bladder-Drained Cadaver Donor Cases 


% \-Year Graft Survival 











Recipient Factor All Cases TS Cases 
Recipient Category 
PTA 52 (n = 71) 59 (n = 62).} p = 0.01 
SPK 63 (n = 99) p= 0.60 79 (n = 79) 
PAK 56 (n = 50) 67 (n = 39) } p = 0.15 
ALG or OKT3 
No 58 (n = 44) p = 0,21 81 (n = 33) p = 0.87 
Yes 58 (n = 177) 68 (n = 148) 
Type of graft 
Whole 57 (n = 213) p = 0.55 69 (n = 175) p = 0.58 
Segmental 50 (n = 8) 67 (n = 6) 
Year of transplant 
1984-1987 50 (n = 60) p = 0.03 66 (n = 44) p = 0.24 
1988-1990 60 (n = 161) 70 (n = 137) 
Recipient age (yr) 
<45 58 (n = 208) p = 0.21 69 (n = 173) p = 0.99 
>45 37 (n = 13) 63 (n = 8) 
Sex 
M 55 (n = 94) p = 0.28 68 (n = 75) p = 0.60 
F. 59 (n = 127) 70 (n = 106) 
No. of transplants 
Primary 60 (n = 170) p = 0.13 73 (n = 138) p = 0.03 
Retransplant 48 (m = 5!) 57 (n = 43) 
TS, technically successful; PTA, pancreas transplant alone; SPK, si- multanedus pancreas/kidney transplant; PAK, pancreas after kidney 
transplant. 


was more pronounced in the analysis of the TS bladder- vival functions for recipients of bladder-drained grafts, 
drained cases than it was in the analysis of the entire series stratified according to whether the graft was primary or a 
of cadaver grafts (Table 4). To better gauge the magnitude _—sretrans>lant. This analysis was stratified also by recipient 
of the adverse impact of retransplantation on graft sur- category and by the degree of HLA matching, with an 
vival, we used the Cox model to construct estimated sur- average histocompatibility match (2 to 4 A, B mm, 0 to 


TABLE 7. Cox Regression Analysis of Donor Factors That Influence Pancreaz Allograft Survival: Bladder-drained Cadaver Cases 


All Cases . TS Cases 
Factor p Relative Risk p Relative Risk 
2-4 A, B mm, 2 DR mm 0.003 3.6 0.006 4.5 
(vs. 0-1 A, B mm, 0-1 DR mm) 
2.4 A, B mm, 0-1 DR mm 0.01 2.9 0.07 27 
(vs. 0-1 A, B mm, 0-1 DR mm} 
0-1 A, B mm, 2 DR mm NS NS 
(vs. 0-1 A, B mm, 0-1 DR mm) 
Donor/Glucose (mg/dL) NS 0.09 1.6 
{2200 ys. <200) 
Year of transplant NS NS 
(1984-1987 vs. 1988-1990) 
Preservation (hr) 0.04 4.6 NS 
(=30 vs. <30) 
Donor age (yr) NS NS 
250 vs. <50 
Donor sex NS NS 
(M vs. F) 
Liver donor NS NS 
(yes vs. no) 
Vasopressor support of donor NS NS 
(yes vs. no) 


TS, technically successful; mm, mismatch. 
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TABLE 8. Cox Regression Analysis of Donor and Recipient Factors That Influence Pancreas Allograft Survival: Bladder-drained Cases 
All Cases TS Cases 
Factor p Relative Risk p Relative Risk 
2-4 A, B mm, 2 DR mm 0.008 3.2 0.04 3.3 
(vs. 0-1 A, B mm, 0-1 DR mm) 
2—4 A, B mm, 0-1 DR mm 0.01 2.9 NS 
(vs. 0-1 A, B mm, 0-1 DR mm) 
0-1 A, B mm, 2 DR mm NS NS 
(vs. 0-1 A, B mm, 0-1 DR mm) 
Donor glucose (mg/dL) 0.07 1.5 0.04 1.9 
(=200 vs. <200) i 
Preservation (hr) 0.07 4.0 NS 
(>30 vs. <30) 
Donor age (yr) ' NS 0.07 22 
(>50 ys. <50) ! 
Donor sex NS NS 
(M vs. F) 
Liver donor NS NS 
(yes vs. no) 
Vasopressor support of donor NS NS 
(yes vs. no) 
Recipient age (yr) NS NS 
(>45 vs. <45) 
SPK NS 0.007 27 
(PTA vs. SPK) 
PAK NS NS 
(PTA ys. PAK) 
Retransplant 0.04 1.7 0.003 2.6 
(yes ys. no) 
Type of graft NS NS 
(whole vs. segmental) 
ALG or OKT3 NS NS 
(no ys. yes) 
Recipient sex NS NS 
(M vs. F) 


TS, technically successful; mm, mismatch; SPK, simultaneous pan- 


1 DR mm) being compared with an excellent tissue match 
(0 to 1 A, B mm, 0 to 1 DR mm). The values of the other 
variables were held constant and were selected to represent 
the average clinical situation (i.e., preservation time not 
more than 24 hours, donor age between 10 and 50 years, 
recipient age not more than 45 years, liver also procured, 
anti—T-cell agents used for induction, and no vasopressors 
used to support the donor in the perioperative period). 
The results of retransplantation varied, depending on 
the recipient category and the degree of HLA matching, 


with the estimated 1-year functional survival rate varying 


from a low of 38% in the average matched PAK group to 
80% in the well-matched SPK group (Fig. 1). An impor- 
tant finding was that the estimated functional survival of 
retransplants dramatically improved when well-matched 
grafts were used. For example, 1-year survival rate in the 
PAK retransplant group (the category most commonly 
associated with retransplantation) increases from 38% 
when the degree of HLA match is average (Fig. 1C) to 
72% when an organ with an excellent histocompatibility 
match is available (Fig. 1D). 


creas/kidney transplant; PTA, pancreas transplant alone; PAK, pancreas 
after kidney transplant. 


Analysis for Risk Factors Associated With Technical Fail- 
ure 


Because the factors responsible for technical failures 
are probatly different than the factors associated with graft 
loss due to rejection, a separate logistic regression analvsis 
was performed, looking for risk factors associated with 
technical failure. 

No factors were significantly associated with technical 
failure in the analysis of the entire series. Both era and 
hours of preservation, however, were significant risk fac- 
tors when only the bladder-drained cases (n = 221) were 
considered (p < 0.05). Transplants performed during the 
years 1984 to 1987 when the bladder-drainage technique 
was being developed were more likely to fail because of 
technical reasons (27%) than transplants performed in 
1988 to 1990 (15%). Similarly, long preservation times 
were associated with technical failure, with 33% of grafts 
preserved for longer than 30 hours being classified as 
technical failures, in contrast to 18% of grafts preserved 
for less than 30 hours. 
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Discussion 


Failure of a pancreatic allograft can be attributed to 
either immunologic or nonimmunologic (i.e., technical) 
causes. Mechanisms of nonimmunologic graft loss include 
thrombosis, infection, and pancreatitis. Technical failures 
account for approximately 15% to 25% of graft losses,!:!*""4 
and the factors that are responsible for a graft’ becoming 
a technical loss may not be the same as the factors con- 
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Fic. 1. Estimated pancreas 
allograft functional survival 
for primary grafts and re- 
transplants in (A) bladder- 
drained simultaneous pan- 
creas/kidney transplant (SPK) 
patients with 2—4 A, B and 
0-1 DR HLA mismatch; (B) 
bladder-drained SPK patients 

`- with 0-1 A, B and 0-1 DR 
HLA mismatch; (C) bladder- 
drained pancreas after kidney 
transplant (PAK) patients 
with 2-4 A, B and 0-1 DR 
HLA mismatch; (D) bladder- 
drained PAK patients with 
0-1 A, B and 0-1 DR HLA 
‘mismatch; (E) bladder-drained _ 
pancreas transplant alone 
(PTA) patients with 2-4 A, B 
and 0-1 DR HLA mismatch; 
and (F) bladder-drained PTA 
patients with 0-1°A, B and 

_ 0-1 DR HLA mismatch. See 
text for values of other vari- 
ables used in construction of 
the curves. 


tributing to loss by rejection. Therefore, in addition to 
analyzing our entire experience with cadaver donor al- 
lografts, we also separately analyzed the technically suc- 
cessful grafts. We also looked at our technical failures in 
an attempt to. identify risk factors associated with them. 
In an earlier report,'! we noted that on univariate analysis 
donor hyperglycemia was associated with significantly 
decreased long-term graft function. This association was 
also found in the current univariate analysis. Nine other 
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variables were also found to be significant on univariate 
analysis, however, illustrating the need for a multivariate 
approach. 

The most significant risk factor identified in the analysis 
of the entire series was the regimen used for immuno- 
suppression. Patients receiving triple therapy experienced 
better allograft survival than patients placed on a double- 
drug regimen, with triple therapy being an especially 
powerful prognosticator of graft survival in the technically 
successful group. 

The degree of HLA mismatching also was found to be 
of considerable prognostic importance. In the univariate 
analysis, both the degree of A, B mismatch and the degree 
of DR mismatch were significant variables. Those grafts 
that were mismatched for a larger number of A, B or DR 
antigens functioned for a shorter period than more well- 
matched grafts did. The adverse impact of poor HLA 
matching was apparent also in the multivariate analysis, 
where the effect of the degree of A, B mismatch could not 
be separated from the effect of the degree of DR mismatch 
(i.e., there is an interaction between the degree of A, B 
mm and the degree of DR mm such that the effect of a 
given level of A, B mm depends on the degree of DR mm 
present and vice versa). 

For the entire series, the l-year graft survival ranged 
from 64% for the best matched group (0 to | A, B mm, 
0 to 1 DR mm) to 38% for the most poorly matched 
group (2 to 4 A, B mm, 2 DR mm). The adverse influence 
of poor HLA matching was seen in every multivariate 
analysis (i.e., the analysis of all cadaver cases as well as 
the analysis of only the bladder-drained cases and their 
technically successful subgroups). 

The results of retransplantation of other organs are 
generally not as good as the results of primary trans- 
plants,”'~”° and this is at least partly explained by the fact 
that the cohort of patients coming to retransplantation 
have shown themselves as a group to be high responders 
immunologically. In a previous univariate analysis of our 
data, the results of pancreas retransplantation were sig- 
nificantly worse when performed simultaneously with a 
kidney, but not when performed after a kidney or alone.” 
In the Cox analysis reported here, however, overall re- 
transplantation has a negative impact on outcome. 

Although recipients of retransplants face an increased 
risk of graft loss, our success rate, 48% at 1 year with 
bladder drainage, is high enough to justify continuing our 
policy of offering patients the opportunity to receive an- 
other pancreas if the first fails. Furthermore, the results 
of retransplantation are significantly improved by using 
donors well matched for HLA type (Fig. 1). 

In the technically successful groups, pancreas grafts 
placed simultaneously with a kidney were more likely to 
survive than those placed after a kidney or those trans- 
planted alone in nonuremic, non-kidney transplant re- 
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cipients. This can again be explained on immunologic 
grounds, with the SPK recipients faring better because of 
an ability to diagnose rejection earlier by monitoring 
serum creatinine. Thus, in spite of the emphasis others 
have placed on the importance of nonimunologic factors 
in determining outcome,” in our analysis immunologically 
related variables were preeminent, the only exception 
being donor glucose. 

The presence of hyperglycemia (blood glucose > 200 
mg/dL) in the donor was an independent risk factor as- 
sociated with decreased graft survival (Tables 4 and 8). 
This may reflect a decreased functional reserve of the 6 
cell mass in these donors. The observation that donor 
hyperglycemia was a more significant risk factor in the 
analysis of only the technically successful cases supports 
this notion, because losses in this group are secondary to 
rejection. Presumably, pancreata from donors who re- 
mained relatively normoglycemic (blood glucose <200 
mg/dL) during the physiologically stressful period sur- 
rounding organ donation have a greater functional £ cell 
mass reserve, which enables them to weather repeated 
bouts of acute allograft rejection more readily than the 
pancreata procured from hyperglycemic donors. It is 
noteworthy that in the analysis of only the bladder-drained 
cases, this same relationship of donor hyperglycemia and 
increased risk of graft loss was observed. All of the bladder- 
drained transplants have been performed since 1984, and 
the results in this group reflect the effect of the many 
changes we incorporated into the management of pancreas 
transplant recipients during our initial learning curve. 
Despite this, the presence of hyperglycemia in the donor 
remains as an independent risk factor. 

This finding raises the question as to whether donors 
with a blood glucose concentration in excess of 200 mg/ 
dL, who are otherwise acceptable, should be used. To en- 
able us to better answer this question, we used the Cox 
model to construct estimated survival functions for re- 
cipients of bladder-drained grafts stratified by the level of 
donor glucose. The values of the other variables were held 
constant and were selected to represent the average clinical 
situation, just as in the analysis of retransplantation de- 
scribed above. The degree of HLA matching was assumed 
to be 2 to 4 A, B mm, 0 to 1 DR mm. Forty-six per cent 
of grafts from hyperglycemic donors were estimated to be 
functioning at 1 year, compared with 60% of grafts from 
donors with blood glucose concentrations less than 200 
mg/dL (data not shown). The analysis was extended, with 
estimated survival functions according to donor blood 
glucose being constructed for recipients of primary blad- 
der-drained grafts and for recipients of retransplant blad- 
der-drained grafts. The magnitude of the penalty paid for 
using a hyperglycemic donor was similar in the two groups 
(data not shown). Because recipient category was an in- 
dependent risk factor in the analysis of TS bladder-drained 
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cases (Table 8), we reasoned that perhaps the magnitude 
of the penalty for using a hyperglycemic donor would be 
less in the SPK group. We therefore further stratified the 
analysis to include recipient category; as can be seen in 
Figure 2, the decreased functional graft survival rate ob- 
served in recipients of grafts from hyperglycemic donors 
was similar in every category, with the magnitude of the 
penalty at | year varying only between 14% and 18%. 
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If the poorer results associated with donor hypergly- 
cemia are related to a smaller reserve of functional 8 cell 
mass, any measures that reduce the incidence or severity 
of rejection episodes would tend to minimize the penalty 
associated with using such donors. The other alternative 
is not to use hyperglycemic donors, but this strategy would 
greatly reduce the donor pool (by more than 50% in our 
experience; see Tables ! and 5). 
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We changed the model to investigate the effect of donor 
hyperglycemia on the functional survival of well-matched 
grafts (0 to 1 A, B mm, 0 to 1 DR mm) and found the 
degree of the penalty to be somewhat less, with l-year 
functional survival of 76% and 84% of grafts from hy- 
perglycemic donors and from donors with blood glucose 
concentrations less than 200 mg/dL, respectively (data 
not shown). When the analysis was stratified by primary 
grafts versus retransplants as well as by recipient category, 
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the grafts from well-matched hyperglycemic donors con- 
sistently exhibited a shorter functional survival rate than 
grafts from well-matched normoglycemic donors (Fig. 3). 
The results were dramatically better, however, than the 
projections obtained using an average donor/recipient 
HLA match, particularly for retransplants (Fig. 2). For 
example, recipients of a primary simultaneous pancreas/ 
kidney transplant (currently the most common clinical 
situation in which pancreas transplantation is performed 
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worldwide) are estimated to exhibit an 88% graft func- 


tional survival rate at | year if the graft is procured from 
a well-matched, normoglycemic donor. If the donor is 


hyperglycemic, the estimated |-year functional survival 


rate is 82% (Fig. 3A). The corresponding figures for a graft 
from a donor exhibiting an average degree of HLA 
matching with the recipient are 68% and 54% (Fig. 2A). 
Thus, it appears that the level of the blood glucose con- 
centration is an important factor to consider when eval- 
uating the suitability of a potential donor. None of the 
hyperglycemic donors used in our series had a diagnosis 
of diabetes by history, and we assume the hyperglycemia 
to be a reflection of the known effects of central nervous 
system trauma on raising blood sugar level,” as well as 
the effect of steroids and high-volume infusion of glucose- 
containing solutions. Presumably, donors who remain 
normoglycemic under these physiologically stressful con- 


ditions have more £ cell reserve than those who do not, | 


but because the degree of insulin resistance is probably 
independent of 6 cell mass, the degree of hyperglycemia 
will not have a perfect correlation. If donor hyperglycemia 
is not simply a sign of heightened resistance to insulin 
utilization peripherally, but is also a marker for the pres- 
ence of a relatively smaller functional 8 cell mass reserve, 
one would predict that until the problem of rejection is 
overcome (i.¢., tolerance is achieved), the functional sur- 
vival rate for grafts from hyperglycemic donors will remain 
inferior to grafts from relatively normoglycemic donors. 
Although rejection episodes are a commonplace occur- 
rence with our current protocols of immunosuppressive 
management, functional graft survival is improved by 
good HLA matching (Tables 4, 8, and Fig. 3). The fact 
that the penalty paid, in terms of functional graft survival, 
for using a pancreas from a hyperglycemic donor is min- 
imized by using well-matched grafts may be explained by 
fewer and less severe rejection episodes observed in that 
situation. 

Rather than not use hyperglycemic donors, our results 
argue that grafts from such donors should be placed in 
well-matched recipients. This can be achieved by having 
a large recipient pool, and argues for sharing between cen- 
ters. This argument is further bolstered by the results of 
retransplantation of well-matched organs and by the fact 
that there is no adverse effect of preservation times up to 
30 hours on graft survival rates. 
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Preoperative Indications for Extended 
Pancreatectomy for Locally Advanced 
Pancreas Cancer Involving the Portal Vein 
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YO SASAKI, M.D.,* MAKOTO FUJITA, M.D.,t CHIKAZUMI KURODA, M.D.,t and TAKESHI IWANAGA, M.D.* 


This retrospective study attempted to determine the indications 
for extended pancreatectomy for locally advanced carcinoma of 
the pancreas, in terms of postoperative prognosis. An extended 
pancreatectomy with portal vein or superior mesenteric vein (PV/ 
SMV) resection and regional lymphadenectomy was performed 
in 35 of 50 consecutive cancers that extended into the retroper- 
itoneal spaces and involved the PV or SMV. Among the many 
background factors in the 35 resected specimens, the degree of 
PV/SMV invasion by the cancer was most closely associated 
with prognosis, despite resection of all involved PV/SMV. This 
factor generally correlated with the preoperative findings on the 
portal phase of superior mesenteric arteriograph. In 17 selected 
patients in whom PV/SMYV invasion had been angiographically 
both semicircular or less and 1.2 cm (1.4 cm on the film) or less 
in length, the 3-year survival rate was 59%. This survival rate 
was significantly higher than the 29% 3-year survival rate in all 
35 patients (p < 0.05). Conversely, among the 18 patients in 
whom invasion was angiographically either beyond semicircular 
or more than 1.2 cm (1.4.cm on the film) in length, there were 
no 1.5-year survivors, and this result was even worse than that 
of 15 nonresectable cases. Based on postoperative survival, the 
degrees of PV/SMV invasion on preoperative angiography (nar- 
rowing pattern and length) are good indicators for aggressive 
pancreatectomy for locally advanced pancreatic cancer. 


pancreas has risen recently in many countries. 

Although surgical resection is the only curative 
modality for this cancer, the fact remains that most pa- 
tients are diagnosed in advanced stages. At the time of 
surgical exploration, even though distant metastases are 
not detectable, we frequently observe that the pancreatic 
tumor extends directly into the retroperitoneal spaces and 
involves the superior mesenteric vein (SMV) or portal 
vein (PV). Such a locally advanced pancreatic cancer, stage 
= MI in the UICC (International Union Against Cancer) 


T HE INCIDENCE OF ductal cell carcinoma of the 
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classification,’ has been generally treated by radiotherapy 
or chemotherapy. 

Aggressive en bloc pancreatic resection including the 
PV or SMV (PV/SMV) has almost been abandoned,”? 
because of the higher mortality rate, low curability rate, 
and lower quality of life. 

With the recent advances in postoperative care, how- 


_ever, both mortality and morbidity rates have been re- 


markably decreased after pancreatectomy.*” Second, the 
development of a bypass catheter and an extracorporeal 
pump have made it easier and safer to concomitantly re- 
sect the PV/SMV.° Third, our previous report’ showed 
that postoperative survival was significantly improved, 
especially when lymphatic and connective tissue resection 
(R2-dissection) was added to the traditional pancreatec- 
tomy. Therefore, we have attempted since 1984 to resect 
more advanced cancer directly extending into the retro- 
peritoneal spaces and PV/SMV, by adding the R2-pro- 
cedure plus PV/SMV-resection. This type of pancreatec- 
tomy is almost similar to Fortner’s regional pancreatec- 
tomy.® Although he failed to improve overall survival 
(median survival period was 13 months with a 3-year sur- 
vival rate of 3%), we must reconsider that most of his 
patients were in highly advanced stages. Therefore, it is 
suspectea that he might have experienced a greater num- 
ber of long-term survivors if he had applied his procedure 
to less advanced cancer of the pancreas. Additionally, with 
more strict indications, we can avoid useless laparotomy 
or pancreatectomy in patients whose survival period 
would not be thereby prolonged. Thus, the present study 
was conducted to detect reliable indicators of surgical re- 
section for locally advanced cancer of the pancreas. We 
also analyzed the predictability of preoperative exami- 
nations. 
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Patients and Methods 


During the period from 1984 to 1989, surgical lapa- | 


rotomy was performed in 50 consecutive patients with 
locally advanced adenocarcinoma of the pancreatic head 
and body at The Center for Adult Diseases, Osaka, Japan. 
Although none had hepatic metastasis or peritoneal seed- 
ing, the tumors extended directly into the retroperitoneal 
spaces and involved the PV/SMV in all patients. With a 
curative intent, 35 patients (70%) received an extended 
pancreatectomy with en bloc resection of a 3.1 + 0.9 cm 
length of PV/SMV (Table 1). Additionally, peripancreatic 
connective tissue, including both regional and juxtare- 
gional lymph nodes, were clearly dissected (R2) in all 35 


patients. Thirty-five pancreatectomies consisted of 18 . 


Whipple procedures (Child’s method with a slight mod- 
ification), 15 total pancreatectomies, and 2 (subtotal) 


caudal pancreatectomies. The appropriate range of the © 


PV/SMYV resection was determined with the aid of intra- 
operative histocytology. Bypass catheter® (Anthron Cath- 
` eter, Tore Co. Ltd. Tokyo, Japan) combined with extra- 


corporeal pump was used for four cases whose PV/SMV _ 


invasions were 3.5 cm or more in length. The PV/SMV 
reconstruction was performed by end-to-end anastomosis: 
PV/SMV in 16 patients, PV-graft (femoral vein)-SMV in 
3 patients, and SMV-SMV in 16 patients. In four patients, 
superior mesenteric artery (SMA; three patients) or com- 
mon hepatic artery (one patient) was resected because of 
identification of a small amount of cancer invasion. These 
arteries were reconstructed by interposing a graft obtained 
from the saphenous vein. The tumor invasion was still 
more extensive in another 15 patients, invading the root 
of the transverse mesocolon or the root of mesojejunum. 
Curative resection of the tumor was therefore abandoned, 
-~ and gastrojejunostomy or choledochojejunostomy were 
performed. 


TABLE 1. Outcome of 35 Surgical Resections for Locally 
Advanced Adenocarcinoma of the Pancreas 


No. of Deaths 
Procedure No. of Patients After Surgery 
Pancreatectomy 
Total 15 2 
Whipple procedure 
(Child’s method) 18 
Caudal 2 
Major vessels resected 
SMV 15 
SMV + SMA l 
SMV + PY 15 i 
SMV + PV + 
SMA 3 l 
SMV + PV + 
CHA I 


Regional and juxtaregional lymph nodes were cleared in all 35 patients. 
SMV, superior mesenteric vein; SMA, superior mesenteric artery; PV, 
portal-vein; CHA, common hepatic artery. 
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The surgically resected specimens were studied histo- 
logically to determine the tumor size (maximum diame- 
ter), nodal involvement, and histologic type. In the present 
study, the PV/SMV were judged as positive for cancer 
Invasion even when cancer cells were limited to the tunica 
adventitia. The length of PV/SMV invasion was mea- 
sured, and the width was also classified into two grades 
on the basis of whether cancer invasion was beyond the 
semicircle of the PV/SMV or not. Before surgery, all 50 
patients had undergone both celiac arteriography and su- 
perior mesenteric angiography, using a modified Seldinger 
technique.’ To better delineate the SMV and PV, 20 ug 
prostaglandin E1 (Ono Pharmacologic Co. Ltd., Tokyo, 
Japan) was injected through the catheter into the SMA 
just before filming. All angiographs were examined to de- 
tect evidence of encasement or narrowing in the major 
vessels adjacent to the pancreas. The patterns of PV and 
SMV narrowing were categorized into five types. The 
length of PV/SMV invasion was determined on the an- 
giographs, and was divided by 1.2 (magnification rate). 

The cumulative survival rate was shown by life-table 
method. Statistical analyses performed using nonpaired t 
test or chi square test. P values less than 0.05 were con- 
sidered to be statistically significant. 


Results 


Thirty-five patients received pancreatectomy, PV/SMV 
resection, and peripancreatic connective tissue resection, 
including the regional lymph nodes, for locally advanced 
carcinoma of the pancreas. Two died of postoperative 
complications within 30 days, and three are alive without 
disease recurrence between 1 and to 3 years after surgery. 
Among the remaining 30 patients, 23 patients (77%) died 
of cancer recurrence within 3 years after surgery (Group 
A) (mean survival period, 9 + 5 months; range, 2 to 21 
months). Seven patients (23%) survived 3 years or more 
(Group B), and five of these were disease free at 3 years. 

Table 2 compares both the patients and their pancreatic 
carcinomas in groups A and B. There are no significant 
differences in age, sex, location of the tumor (head or 
body), or tumor size. The histologic types of cancer were 
classified into two types: papillary/well-differentiated ad- 
enocarcinoma and moderately/poorly differentiated ad- 
enocarcinoma. The latter type represented 57% in group 
A, which was not significantly higher. than the 43% in 


group B. Histologically proven nodal involvement in the 


regional or juxtaregional areas was seen in 28 (93%) of 
30 patients. The incidence of nodal involvement did not 
differ significantly between the two groups. There were 
four patients (17%) whose major arteries were involved 
by cancer (SMA = 3, common hepatic artery = 1) in 
group A, but this incidence was not significantly higher 
than 0% in group B. It was histologically confirmed that 
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TABLE 2. Background Factors in Association With 3-Year Survival 
aeieoiaio a ea a Boots i 


Patient Survival Period 


<3 yr >3 yr 
Factor (23 patients) (7 patients) p 
Age (yr) 61+7 63+4 NS* 
Sex 16/7 5/2 NSt 
Tumor location 17/6 5/2 NSt 
(head/body) 
Tumor size (cm) 3.6 + 0.8 3.3+1.4 NS* 
Histologic type 
Pap + Well 10 (43%) 4 (57%) 
Mod + Poor 13 (57%) 3 (43%) NSt 
Regional lymph node 
metastasis 
Positive/negative 21/2 7/0 NSt 
Major artery invasion{ 4 (17%) 0 (0%) NSt 
PV/SMV invasion 
Semicircular or less 12 (52%) 7 (100%) <0.05t 
Beyond semicircular 11 (48%) 0 (0%) 
Maximum length (cm) 26+ 1.0 1.6 + 0.4 <0.05* 
Range 1.0-5.4 0.9-2.0 





* Nonpaired t test. 

+ Chi square test. 

t Common hepatic artery, 3; superior mesenteric artery, |. 

Pap: papillary adenocarcinoma; Well: well-differentiated adenocar- 
cinoma; Mod: moderately differentiated adenocarcinoma; Poor: poorly 
differentiated adenocarcinoma; PV, portal vein; SMV, superior mesen- 
teric vein. 


all 30 of the PV/SMV were involved by cancer, but the 
degree of cancer invasion differed significantly between 
the two groups. Among 23 PV/SMV invasions of group 
A, 12 (52%) were semicircular or less, and 11 (48%) were 
beyond semicircular. Conversely, the PV/SMYV invasion 
was semicircular or less in all the patients (100%) of group 
B (p < 0.05, chi square test). Likewise, the length of PV/ 
SMV invasion was 2.6 + 1.1 cm (1.0 to 5.4 cm) and 1.6 
+ 0.4 cm (0.9 to 2.0 cm), respectively (p < 0.05 in non- 
paired t test). 

To know whether PV/SMV invasion can be predicted 
by preoperative angiography, a retrospective analysis was 
made on the portal phase of SMA-angiography. The PV/ 





Fic. 1. Angiographic typing one 
of PV/SMV invasion. y 
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shift 


PANCREATECTOMY FOR ADVANCED PANCREAS CANCER 233 


SMV was clearly delineated in all 50 patients, and the 
findings were classified into the following five types (Fig. 
1): (I) normal, (II) smooth shift without narrowing, (II) 
unilateral narrowing (Fig. 2A), (IV) bilateral narrowing 
(Fig. 2B), and (V) bilateral narrowing and the presence 
of collateral veins. Table 3 compares the patterns of PV/ 
SMV invasion between histology and angiography in the 
35 resectable patients. Among the 35 cases showing in- 
vasion, angiography resulted in 14 (40%) underestimations 
(as shown by a: type I and II in both groups, and type II 
in the group with bilateral narrowing). Likewise, there 
were 19 correct diagnoses (54%; shown by b) and two 
overestimations (6%; shown by c). Among the 22 PV/ 
SMV invasions that were semicircular or less, however, 
20 (91%) exhibited types I, II, or III. This incidence was 
significantly higher than the 15% (two cases) in 13 cases 
whose invasions were beyond the semicircle of PV/SMV 
(p < 0.05). Fifteen nonresectable cases consisted of eight 
cases of type IV and seven cases of type V. 

Figure 3 compares the length of PV/SMV invasion de- 
termined by the histopathology of the resected specimen 
with those diagnosed by preoperative angiography. In this 
figure, the angiographic lengths of PV/SMV invasion were 
expressed as 0 cm for 13 cases with type I or II patterns, 
shown by open circles. Even excluding these 13 cases, the 
true length of PV/SMV invasion was longer than the an- 
giographic length in all but one case. There was a parallel 
relationship, however, between the two types of measure- 
ment (y = 0.68 X —0.17, r = 0.766, p < 0.01). Among 
the 17 cases whose PV/SMV invasions were 2 cm or less 
(area delineated by dotted line), 1.2 cm of invasion was 
the longest based on angiographic diagnosis. Although 
the true lengths of cancer invasion were not known for 
the 15 nonresectable cases, angiography showed invasion 
of 1.5 cm or more in length. There were 17 patients in 
whom PV/SMV invasion was angiographically 1.2 cm or 
less in length and who were type I, II, or III. 

Figure 4A shows the cumulative survival rates in the 
35 overall resectable cases and 15 nonresectable cases. 





M WV V 
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FIG. 2. Portal phase of SMA angiography, (A) types III and (B) type IV narrowing. The length of the narrowed portion (between arrows) is determined 


on the angiographic film and divided by 1.2 (magnification rate). 


The 3-year survival rate was 29% and 0%, respectively (p 
< 0.05 at 2 and 3 years). Figure 4B shows the cumulative 
survival rates of two subgroups: 17 patients in whom PV/ 


TABLE 3. Comparison of the Patterns of PV/SMV Invasion 
Between Histology and Angiography 





PV/SMV Invasion 
in Resected 
Specimen I II Ill IV V 


Portal Phase of SMA angiography 








Semicircle or less 
(n = 22) 5* 7* 8t 2t 0 


(23%) (32%) (36%) (9%) 
Beyond semicircle 
(n = 13) i 0 [+ 6+ St 
(8%) (8%) (46%) (38%) 





The incidence of types I-III (or types IV-V) narrowing differs signif- 
icantly between unilateral and bilateral invasion groups (p < 0.01) (chi 
square test). 

* Underdiagnosis, 14 cases (40%). 

+ Correct diagnosis, 19 cases (54%). 

ł Overdiagnosis, 2 cases (6%). 

PV, portal vein; SMV, superior mesenteric vein; SMA, superior mes- 
enteric artery. 


SMV invasion had been angiographically diagnosed as 
type I. II, or III, and 1.2 cm or less in length; and 18 
patients in whom invasion had been diagnosed as type 
IV or V, or more than 1.2 cm in length. In the former 
subgroup, the 3-year survival rate was 59%. This figure 
was significantly higher than the 29% in all resectable cases 
(p < 0.05). Conversely, there were no 1.5-year survivors 
in the latter subgroup. The survival rate was generally 
lower than that of the 15 nonresected patients (Fig. 4A) 
in whom curative resection was abandoned because the 
retroperitoneal invasion was extensive. 


Discussion 


The present study was limited to locally advanced pan- 
creatic cancers invading both the retroperitoneal spaces 
and PV/SMV. As shown in Table 1, almost all patients 
had regional or juxtaregional lymph node metastasis. In 
reviewing previous reports, '°-!? such an advanced cancer 
commonly has been considered not suitable for the sur- 
gical resection. There have been few patients to date, 
however, whose survival periods have been prolonged 
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Fic. 3, A comparison of the length of PV/SMV invasion between histology 
and angiography. Open circles show cases in which any narrowing was 
angiographically observed (types I and II). Excluding the cases with type 
I and II narrowing, a parallel relationship is observed between the two 
measurements (y = 0.68, x = 0.17, r = 0.766, p < 0.05). Dotted lines 
show that all invasions of 2 cm or less in length were angiographically 
diagnosed as narrowings of 1.2 cm or less in length. 


more than 3 years by chemotherapy or radiation ther- 
apy.!°-!? This agrees with our result, in which the 2-year 
survival rate was 0% in 15 nonresectable patients (Fig. 
4A). Additionally, many previous reports have shown that 
pancreatic cancer was likely to recur and be fatal within 
2 or 3 years after surgical resection.”'*'* It can be expected 
from this that patients who have survived the first 3 post- 
operative years have a high potential for cancer-free sur- 
vival from that time on. This is why 3-year survival was 
used as a tentative parameter of operative indications in 
the following discussion. 

During surgical resection of pancreatic cancer, nodal 
involvement has been considered one of the limiting fac- 
tors in patient survival. In 1982, Cohen et al.!? showed 
that long-term survival could not be expected for any pa- 
tients with nodal involvement. Our recent report,’ how- 
ever, clarified that long-term survival was not hopeless, 
even in patients with nodal involvement, when lymphatic 
and connective tissue resection (R2-procedure) also was 
performed. Considering that all of our seven 3-year sur- 
vivors had lymphatic metastasis in the regional or jux- 
taregional nodes, most might not have survived 3 years 
if the R2-procedure had been omitted from our operative 
procedure. Therefore, this kind of lymphadenectomy 
seems to be indispensable when surgical resection is de- 
termined for locally advanced pancreatic cancer. - 

In place of nodal involvement, our study has clarified 
that the degree (length and width) of PV/SMV invasion 
was more predictive of patient prognosis, despite resection 
of all involved PV/SMV. For this reason, the space be- 
tween the SMV or PV and the posterior confines of the 
pancreas may be anatomically characterized as the weak- 
est barrier against cancer spread into the mesenteric tis- 
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sues, which include many lymphatic channels and nerve 
fibers.'© Likewise, cancer cells within the PV/SMV wall 
may easily spread hematologically and result in hepatic 
metastasis: The more widely the cancer invades the PV/ 
SMV, the more frequently and distant from the surgical 
margin cancer implantation might occur microscopically. 

Suzuki et al.’”!® reported that long-term survival was 
not observed in pancreatic cancer patients whose arter- 
iographs suggested cancer invasion in the arteries adjacent 
to the pancreas. Despite the fact that PV/SMV involve- 
ment is more common than arterial involvement in pan- 
creatic cancer,!? there has been no previous report inves- 
tigating patient survival in association with PV/SMV in- 
vasion on angiography. For the first time, the present 
report has clarified that postsurgical prognosis 1s very poor 
in patients in whom angiography showed bilateral nar- 
rowing (type IV or V) or more than a 1.2 cm (1.4 cm on 
the film) length of narrowing in the PV/SMV. Considering 
that their survival rates were worse than those of the non- 
resectable patients, we should have abandoned aggressive 
pancreatectomy in these patients. This also seems to be 
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FIG. 4. (A, top) Cumulative survival rates compared between resectable 
and nonresectable groups. A significant difference was observed between 
the two groups (p < 0.05). (B, bottom) Cumulative survival rates in 
association with angiographic findings in the resectable group. In the 
subgroup with both type I-III narrowing and narrowing of 1.2 cm or 
less in length, the 3-year survival rate was 59%, This figure is significantly 
higher than the 29% found in all 35 patients (A). In the subgroup with 
either type IV-V narrowing or narrowing greater than 1.2 cm in length, 
the suzvival rate is still worse than that of the 15 nonresectable patients (A). 
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supported from the viewpoint of cost-performance and 
quality of postoperative life. Conversely, a far better prog- 
nosis can be expected for patients in whom PV/SMV nar- 
rowing is angiographically absent, unilateral, and 1.2 cm 
(1.4 cm on the film) or less in length. If we had selected 
the above-mentioned criteria as indications for aggressive 
operation, approximately a 60% 3-year survival rate would 
have been estimated by extended pancreatectomy (Fig. 
4B). This result is better than many previous reports*”°?! 
where 3-year survival rate ranged from 20% to 45%, even 
in less advanced carcinoma of the pancreas. 

The portal phase of SMA angiography was likely to 
underestimate the true invasion of the PV/SMV (Fig. 3 
and Table 3). This discrepancy might be explained by the 
fact that the internal diameter of the PV/SMV would be 
unaffected during the period when cancer invasion is lim- 
ited to the tunica adventitia. Therefore, we should always 
prepare to perform PV/SMV resection and their recon- 
struction when pancreatectomy is performed for carci- 
noma of the pancreatic head and body: This is especially 
emphasized when no obvious change is observed angio- 
graphically in the PV/SMV. 

Finally, our angiographic classification is very simple 
and does not require percutaneous transhepatic 
portography” to clearly delineate any branching veins. 
Using this classification of the traditional SMA-angiog- 
raphy, we can hope that useless laparotomy or pancre- 
atectomy can be avoided without losing any chance for 
cure. 
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Postoperative Electromyographic Profile 


in Human Jeyunum 





CHRISTIAN DUCERF, M.D., CLAUDE DUCHAMP, M.D., and MICHEL POUYET, M.D. 


The postoperative electromyographic profile of the proximal je- 
junum and its evolution during recovery fram surgery were defined 
in fasted humans after cholecystectomy. An intraluminal probe 
supporting four groups of bipolar electrodes was transnasally 
inserted at the end of surgery to allow continuous recording of 
jejunal electrical activity over 4 consecutive days. Electromyo- 
praphic activity was characterized by an early reappearance of 
phase 3 of migrating myoelectric complexes (MMC) lasting 5.2 
+ 0.6 minutes and occurring at 38.1 + 3.1-minute intervals at 
day 1 after surgery. During the 4 days after surgery, there was 
an increased duration of MMC, mainly consisting of phase 2 
occurrence with an increased duration and lengthening of the 
MMC cycle. The amplitude of spikes during phase 3 increased. 
During the postoperative period, characterized by an inversion 
of the circadian rhythm, the velocity of propagation was higher 
(p < 0.05) between 18:00 and 06:00 (4.0 + 0.5 cm/minute) than 
between 06:00 and 18:00 (3.1 + 0.3 cm/minute). In contrast, the 
duration of phase 2 was lower during nighttime (18:00 to 06:00) 
than during daytime. The authors conclude that during the early 
(1 to 2 days) period after cholecystectomy, the jejunal electro- 
myographic activity is limited to phase 3 activity, but that a 
normal fasted pattern is recovered after 4 days. A progressive 
reorganization and coordination of the intestinal tract may ac- 
count for this delay. 


rarily impaired gastrointestinal motility causing 
discomfort, increased morbidity rate, and pro- 
longed hospitalization. After operation, the slowed transit 
of solids 1s subsequent to the suppression of the migrating 
burst of action potentials and contractions,! which are 
observed throughout the gut during fasting in hu- 
mans.?> 
The interdigestive electromyographic (EMG) activity 
of the small bowel of humans displays a cyclic pattern, 
characterized by the interdigestive migrating myoelectric 
complex (MMC). This complex consists of three succes- 


P OSTOPERATIVE ILEUS IS characterized by tempo- 
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sive phases*: a quiescent phase 1 with slow waves only; a 
phase 2 with increasing action potential activity super- 
imposed on some slow waves; and a phase 3 of maximal 
activity with action potentials on every slow wave, lasting 
several minutes. A phase 4 of rapid return to phase 1 is 
sometimes described. Correspondingly, the cyclic motor 
activity of the small intestine has little or no contractile 
activity in phase 1, intermittent and irregular contractions 
during phase 2, and a maximal rate of contraction during 
phase 3.467 

Inhibition of intestinal EMG activity is considered to 
be transient in gastric antrum and of short duration in 
the small bowel, suggesting that the postoperative ileus is 
only a colonic problem.’ The radiographic characteriza- 
tion of early motility of the gastrointestinal tract after sur- 
gery was recognized many years ago.’ Several observations 
report that MMC are present in the upper intestine during 
the early postoperative period,!°-!” whereas others indicate 
a late recovery after surgery.'*'* All these studies focused 
on the early restoration of MMC in the upper intestine, 
or on the characterization of this activity at a given time 
after surgery, but only two of them!!!” described the evo- 
lution of intestinal EMG activity during the first days of 
surgical recovery. The main result of the previous report!’ 
was the early reappearance of phase 3 activity in the small 
bowel, in addition to a recovery of normal activitv after 
gas expulsion, which was marked by an EMG disorga- 
nization. 

The aim of this study was to verify this pattern of re- 
covery but also to go into the temporal evolution of the 
phenomenon in the course of the first 4 postoperative 
days. In particular we wanted to reexamine the question 
of the EMG disorganization before the normal transit re- 
covery. Therefore, the present study was designed to pro- 
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vide more information on the different patterns of the 
jejunal electromyographic activity after abdominal surgery 
and on the continuous evolution of this pattern after a 
single type of surgery, cholecystectomy, using an intra- 
luminal probe introduced by nasal route. 


Patients and Methods 
Patients 


The protocol was approved by the ethical committee 
Claude Bernard University Review Board for Human 
Studies). Between 1989 and 1990, the EMG activity of 
the upper intestine was investigated in 10 patients aged 
50 to 80 years, seven women and three men, after ab- 
dominal surgery consisting of cholecystectomy. All pa- 
tients underwent surgery at approximately the same time 
of day. Recordings were performed immediately after ab- 
dominal closure and continuously over 4 days after sur- 
gery. Anesthesia was realized with phenoperidine (R1406, 
Janssen LeBrun, Paris, France) as morphinomimetic, at 
a dose of 2 to 6 mg according to the duration of operation, 
but always administered more than 30 minutes before the 
end of operation. Postoperative treatment consisted of 
rehydration, antibiotics, and preventive heparin therapy. 
Opiate analgesics were excluded in all cases. All patients 
had normal recovery from abdominal surgery. Informed 
consent was obtained from each patient, and the probe 
was withdrawn, for patients presenting any sign of dis- 
comfort or gastric pain. None of them resorted to this 
possibility. 


Recordings 


Continuous recordings of the first 60 cm of the upper 
intestine were obtained by an intraluminal probe derived 
from that of Fleckenstein® and the one previously de- 
scribed by Pouyet et al.'! The intraluminal probe consisted 
of a sterilizable polyvinyl tube (150 cm in length and 8 
mm in diameter) supporting four groups of two electrodes 
placed at 5-mm intervals, the groups being 7 cm apart, 
and one ground electrode. The first group was located 7 
cm from the tip. Each electrode (0.11 mm in diameter) 
consisted of a' ring of nickel-chrome wire (80% to 20%; 
~ Johnston Matthey Metals Ltd, London, UK) fixed around 
. the probe. The sensor consisted of three separated tubes: 
a large one, ending at the top of the sensor for parenteral 
nutrition; a smaller one, ending at 100 cm of the distal 
end for gastric emptying; and the smallest, in the lumen 
of which the wires leading from the electrodes to the re- 
corder were inserted to exit at the distal end. 

The probe was introduced transnasally at the end of 
surgery before abdominal closure, with manual guidance 
to pass over the pylorus, and positioned so that the gastric 
aperture was at the level of the pyloric antrum and the 
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four groups of electrodes were in the jejunum. During 
postoperative recovery, the position of the probe was as- 
certained by x-ray radiography, showing the probe with 
a radiopaque signal at the top of the probe and the ground 
electrode located 25 cm from the top. The probe was lo- 
calized in relation to its position from the ligament of 
Treitz. . 

The free ends of the wires were connected to an eight- 
channel polygraph (Reega VIII, Alvar, Paris, France), and 
bipolar recordings were performed with a short time con- 
stant (0.01 second) at a paper speed of 1.2 cm/minute, or 
at a larger time constant (0.8 second) and paper speed 
(2.4 cm/second) for slow wave recording. . 

The parameters studied were the duration of MMC, 
the respective durations of each phase of MMC, and the 
duration, amplitude, and migrating velocity of phase 3. 
The MMC was divided into three sequential phases: phase 
| was characterized by the absence of activity or the pres- 
ence of some occasional spike potentials; the criteria of 
phase 2 was the appearance of irregular activity that in- 
creases in intensity throughout the phase, until the phase 
3 occurrence. Phase | duration was obtained by subtract- 
ing the duration of phase 2 from the total duration of 
MMC. Phase 4. was not considered. 

We did not measure the amplitude of every spike burst 
because it would have represented a considerable number 
of measurements and it was difficult to distinguish every 
spike burst of one phase 3 episode at the paper speed 
used. The mean amplitude of the spike bursts was ob- 
tained by a planimetric method, allowing the measure- 
ment of the envelope area around each phase 3 complex, 
and thereby the mean amplitude of phase 3. This enabled 
a consistent decrease of the number of measurements. 


Statistical Analysis 


Results are expressed as mean + standard error of the 
mean (SEM). The values were pooled and averaged in 
each patient per periods of 6 hours per day through the 
4 days of the study. The means + SEM values were cal- 
culated from the mean values of each parameter on each 
period of time per subject. Statistical significance of pa- 
rameter evolution through surgical recovery was assessed 
by one-way analysis of variance followed by paired Stu- 
dent’s t test. | 


Results 
Clinical Observations 


` All patients had normal postsurgical recovery as evi- 
denced by the absence of abnormal clinical signs and the 
presence of gas expulsion between the second and third 
day after surgery. The mean hospitalization duration was 
7 days. 


Vol. 215 * No, 3 


POSTOPERATIVE ELECTROMYOGRAPHIC 


PROFILE 


aal aL) 








tc 0.8 s 





Hi ail 





eek AL a NS as eens it teem 


ty Pith tai tie 


inehhi a Wih il Nene a mee 


SE E OR SEE can sors ell A Uanain 


Fic. 1. Electromyographic recording of human jejunum with a short time constant (0.0! sec) showing only spiking activity and with a high time 
constant (0.8 sec) displaying slow waves and spiking activity obtained during the first day after cholecystectomy. The samples shown here are different 


events on the same subject. 


Jejunal EMG Profile Afier Surgery 


Electromyographic recordings 3 hours after surgery 
demonstrated the presence of phase 3 lasting 5.2 + 0.6 
minutes and occurring at 38.1 + 3.1-minute intervals 
during the first 6 hours of recording in jejunum, as shown 
in Figure 1. These “ectopic” complexes were characterized 
by the absence of phase 2, however, and were composed 
only of the quiescent phase 1 and repetitive bursts of spikes 
similar to the phase of regular spiking activity or phase 3 
of the MMC. These peculiar complexes are called post- 
operative migrating myoelectric complexes. During the 
quiescent period, the slow waves appeared regularly at a 
rhythm of 12.2 + 0.2 per minute. 


Jejunal EMG Recovery After Surgery 


The duration of postoperative MMC increased pro- 
gressively (F = 2.1; p < 0.05) from 38.1 + 3.1 minutes at 
day 1 Gust after operation) to 67.8 + 10.2 minutes at day 
4 of surgical recovery (Fig. 2). Concomitantly, the duration 
of phase 2 progressively increased from 2.1 + 0.9 minutes 
(day 1, 12:00 to 18:00) to 42.2 + 6.8 min (F = 11.7; p 
< 0.001), until a normal pattern and characteristics of 
MMC were reached (phase 1: 31%; phase 2: 62%; phase 
3: 7%) corresponding to those reported in the literature.* 
A significant variation (F = 2.2; p < 0.01) was observed 
in phase 3 duration through the 4 days of recovery, mainly 
because of a small increased duration at day 2 (Fig. 2, 
Table 1). In parallel, the mean amplitude of spike bursts 
during phase 3 progressively increased from 0.39 + 0.01 
mV at day 1 to 0.52 + 0.01 mV at day 4 (F = 2.6; p 
< 0.01) (Table 1). The velocity of phase 3 (Fig. 3) de- 
creased progressively from day | to day 4 of recovery, but 
not regularly (F = 4.4; p < 0.001). Indeed, a circadian 
variation of the migrating velocity was observed: during 
day 2, the velocity of propagation was lower (3.1 + 0.2 
versus 4.0 + 0.3 cm/minutes; p < 0.01) during daytime 
(06:00 to 18:00) than during nighttime (18:00 to 06:00). 
No significant nyctohemeral variation was detected at day 
3, whereas lower velocity (p < 0.05) was recorded during 


nighttime (18:00 to 06:00) at day 4 (3.0 + 0.2 versus 3.6 
+ 0.2 cm/minute, p < 0.01) than during daytime (Fig. 4). 
A nyctohemeral variation also appeared in the duration 
of phase 2, as reported in Figure 3, with maximal values 
during day time, but not in duration of phase 1, phase 2, 
and MMC, nor in amplitude of phases 2 and 3. 

In contrast, the rhythm of slow waves appeared un- 
changed over the 4 days of surgical recovery, as could be 
observed from partial recordings at longer time constants 
performed at different days after surgery. Further, because 
the tube did not incorporate suction to keep the electrodes 
applied to the mucosa, it could have induced an inter- 
mittent identification of slow waves. Therefore, the evo- 
lution of slow waves was not monitored during the ume 
course of surgical recovery. 


Discussion 


Our study confirms that MMC are present in humans 
in early surgical recovery, thereby confirming earlier ob- 
servations.'°-? It also describes for the first time the pat- 
tern of total recovery as well as the nyctohemeral varia- 
tions up to the fourth day in fasted state. Other studies 
have reported the first postoperative occurrence of MMC 
between the second and fifth days after surgery’? or be- 
tween the sixth and ninth days.'* In contrast, Dauchel et 
al.'° did not find MMC after cholecystectomy, but only 
disorganized slow waves during the first 36 hours. In a 
previous study, we showed that the common feature of 
intestinal electrical recovery'’ may be divided into three 
phases: a first one of early reappearance of postoperative 
myoelectric complexes lasting about 90 hours, a very short 
second phase of EMG. disorganization just after gas ex- 
pulsion, and then, a third phase of normalized MMC. 
The present study confirms the first part of this pattern, 
but failed to indicate an EMG disorganization. 

The profile of recovery after cholecystectomy was char- 
acterized by an early electric spiking activity of the small 
bowel, which resulted at jejunal level, in a higher frequency 
and lower duration of isolated and ectopic phase 3 com- 
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FIG, 2. Four-day postoperative electromyographic profile of the jejunum in one patient 3 hours after cholecystectomy. Diagrammatic representation 
of the electromyogram for the four groups of electrodes at, respectively, 10, 17, 24, and 31 cm from the ligament of Treitz. Black columns show the 
phases of regular spiking activity (phase 3). Open areas show irregular spiking activity (phase 2). Note that phase 3 is present at the beginning of the 


first recording Session. m___:, night time. 


pared with values of MMC in normal subjects reported 
elsewhere.*3>? The values we report here in human je- 
junum are in agreement with those previously reported!! 
during the first 24 postoperative hours. In the present 
study, the higher velocity of propagation (3.9 + 0.2 cm/ 
minute) compared with the previously referred works may 
be explained by a more proximal position of the jejunal 
electrodes, because the migration velocity gradually de- 
creases along the small bowel.”*° These results also may 
be compared with values reported in human duodenum, 
either for total duration of complexes (41.9 + 3.4 minutes), 
or of phase 2 (5.7 + 1.0 minutes) and phase 3 (4.7 + 0.3 
minutes) between the second and fifth postoperative 


days.'? They are also in agreement with some early post- 
operative duodenal values,'° but at variance with others. !? 
Indeed, in the latter study also performed on cholecys- 
tectomized patients but with serosal electrodes implanted 
in the duodenum, the frequency of occurrence of phase 
3 was very low at day 1 after surgery, and increased there- 
after,!? contrary to the results of the present study. 

After surgery, the early appearance and permanence of 
electrical activity limited to phase 3 episodes suggest that 
they play an important role in maintaining a functional 
small intestine. This early high frequency of phase 3 is 
probably not related to the presence of the sensor because 
no significant mechanical effect of intraluminal probe was 


TABLE 1. Postoperative Characteristics of Phase 3 of Migrating Myoelectric Complexes in 10 Patients at Different Days (D) After Cholecystectomy 


Amplitude (mV) 
Di D2 D3 D4 
0.39 0.49 0.54 0.52 
+ 0.01 + 0.03 + 0.01 + 0.01 


Mean + SEM. 


Duration (min) 


D1 D2 D3 D4 
a2 59 3T 5.4 
+ 0.6 + 0.5 + 0.5 + 0.4 
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Fic. 3. Changes in the duration (min) of postoperative migrating myoelectric complexes and of its phases over the 4 days (D1-D4) after cholecystectomy 
(mean + SEM, n = 10 patients). Each day is divided into periods of 6 hours, MM | night time. 


found in comparison with muscular implanted elec- 
trodes. '° According to their role of “housekeeper,”!” phase 
3 episodes ensure the homeostasis of the bacterial content 
of the small bowel in preventing bacterial overgrowth.”!® 
Therefore, they might be useful in repelling the colonic 
flora after surgery. The frequent occurrence of phase 3 


Fic. 4. Postoperative nycto- 
hemeral variations in the 0 
propagation velocity (cm/min) 

of phase 3 over 4 days (D1-D4) 

after cholecystectomy (mean + 

SEM, n = [0 patients). Each 

day is divided into periods of 3.0 
6 hours. **p <0.01 vs. the pre- 

ceding period. 
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persisted until the recovery of phase 2, whereas the prop- 
agation velocity decreased. The reappearance of phase 2 
episodes induced an increased duration of postoperative 
complexes. In contrast, no significant increase in duration 
of the complexes was found between the second and fifth 
postoperative days by Stoddard et al.,'* but these authors 
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did not continuously monitor the EMG activity during 
this period. 

It is generally accepted that MMCs originate in the gas- 
troduodenal area and mainly (50% to 60%) in the duo- 
denum.*° In patients, the removal of the gastric antrum 
after the Billroth II procedure is associated with a striking 
increase in the frequency of the phase 3 activity fronts 
recorded by a manometric probe,!? as observed either after 
truncal vagotomy with splanchnicectomy” and after 
complete denervation of an autotransplanted intestinal 
loop.”! Therefore, it may be assumed that the gastric an- 
trum continuously reduces the intestine’s own frequency 
of MMC occurrence.” After surgery, duodenal motor ac- 
tivity usually returns well before gastric contractions ap- 
pear.”'° In this case, the absence of inhibitory influences 
related to gastric motor activity on the duodenum may 
explain the observed increased number of jejunal phase 
3 activity fronts. It has been shown that the delay in the 
return of gastric motility after abdominal surgery was the 
consequence of disordered electrical control activity of 
the stomach.” The progressive (2 to 3 days) reappearance 
of normal MMC of the jejunum would seem to be related 
to an improvement of gastroduodenal coordination, but 
further experimental investigation is required to confirm 
this hypothesis. 

Conversely, our results show a circadian variation in 
the durations of phase 2, and of migration velocity in the 
postoperative period. Some circadian variations in MMC 
propagation velocity have been reported in upper intestine 
of healthy humans,”* with a higher propagation velocity 
during daytime than during the night. In the present study, 
phase 3 propagated at a higher velocity between 18 and 
6 hours than between 6 and 18 hours during the second 
day, whereas normal circadian variations appeared on the 
fourth postoperative day. This suggests that the disruption 
of the circadian modulation system, induced by surgery 
or anesthesia, takes at least 3 days to return to normal. It 
is generally accepted that the enteric nervous system is 
able to program and integrate enteric motor activity,*”° 
and it was suggested that the variation in propagation of 
the MMC reflected the speed of transmission within the 
enteric nervous system.”* In cholecystectomy, the integrity 


of the small bowel is preserved. Therefore, the disruption: 


of the enteric nervous system could be attributed rather 
to the effect of anesthesia, or laparotomy. because it was 
shown in dogs and sheep that laparotomy induced a com- 
plete inhibition of electrical spiking activity? and thus 
would be liable to disorganize such a system. Laparotomy 
rather than anesthesia may be the important variable. The 
observed enteric oscillation, however, also could be a 
consequence of circadian modulation by the central ner- 
vous system, as suggested by the nocturnal reduction of 
phase 2 reported here. This phenomenon is to be com- 
pared with the known reduction of the irregular contrac- 
tions of phase IJ during sleep,” suggesting that the sleep- 
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waking pattern can modulate enteric activity. It has to be 
noted that in humans there is a similar period for both 
MMC and sleep cycles.” 

The question arises whether a profound disruption of 
the sleep—waking pattern after surgery might account for 
the observed postoperative changes, as well the absence 
of phase 2s as the inversion of the nyctohemeral cycle. 
Indeed, during the first day after operation, the patients 
were rather somnolent most of the time (as we could 
judge), but they did not appear to be continuously asleep. 
Thereafter, the 18:00 to 06:00. period included most of 
the sleep hours. Therefore, the reorganization of the en- 
teric activity seemed to parallel the recovery of a normal 
sleep—waking pattern. If a reduction of the number of 
contractions in phase II was found during sleep,?”* how- 
ever, no complete disappearance was observed. Thus, this 
could not be, in our opinion, the simple explanation of 
the phenomenon. Further, in the absence of electroen- 
cephalographic activity recordings in the present study, 
the nyctohemeral repartition of sleep, as well as the quality 
of the sleep episodes and the connection with EMG ac- 
tivity, can hardly be appreciated and remain to be deter- 
mined. 

The present results failed to indicate a marked EMG 
disorganization at the time of gas expulsion and just before 
the normal transit recovery, as was previously found.’! 
The return to normality was principally achieved by a 
reorganization of the nyctohemeral variations in the phase 
3 propagation velocity at the fourth day after surgery, at 
a time when the disorganized EMG was reported. This 
difference with the previous report could result from the 
different populations studied. The abdominal surgery of 
the present subjects consisted only of cholecystectomy, 
whereas in the previous study, only 2 of 20 subjects were 
cholecystectomized. This suggests that the postoperative 
recovery pattern may depend on the type of surgery, but 
further studies are required to clarify this point. 

In conclusion, the recovery of jejunal electrical activity 
after surgery described in this study emphasizes the early 
presence of phase 3, but the persistence of motor alteration 
until the fourth day. This delay, accounted for by a pro- 
gressive reorganization and coordination of the intestinal 
tract, should be taken into account in postsurgical care. 
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Improvement in Survival From Typhoid 


Ileal Perforation 
Results of 221 Operative Cases 
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Typhoid ileal perforation remains a frequently fatal illness in 
the developing world. The purpose of a retrospective review of 
195 cases was to ascertain prognostic indices and therapeutic 
options influencing outcome. The overall mortality rate of 31% 
was worsened by extremes of age (p < 0.025), generalized peri- 
tonitis (p < 0.025), lower white blood cell count (p.< 0.05), 
increased number of perforations (p < 0.005), and postoperative 
enterocutaneous fistula (p < 0.005). Double-layer closure of the 
perforation lowered the mortality rate compared with single- 
layer closure (p < 0.01). Broader-spectrum antibiotics, in the 
-= form of chloramphenicol with gentamycin, metronidazole, or 
both, reduced the mortality rate compared with chloramphenicol 
alone (p < 0.05). Based on these findings, a prospective series 
was initiated in which all patients were treated with two-layer 
closure and chioramphenicol, gentamycin, and metronidazole. 
The mortality rate of 8% for the 26 patients treated in this manner 
confirmed the improved survival with these treatment modalities. 
Improved survival from typhoid perforation is possible with sim- 
ple, low-cost measures. 


LTHOUGH SALMONELLA TYPHI infection causing 
typhoid fever has become rare in the United 


States and other developed nations in recent de- 
cades, it continues to be a major health problem through- 
out most of the developing world. A severe complication 
and a frequent cause for death from typhoid is perforation 
of ileal ulcerations. The reported mortality rates of 20% 
to 60%'""' for this complication are especially high in view 
of the young age of many of the patients. 

Typhoid ileal perforation has traditionally been treated 
with surgical plication and with chloramphenicol. The 
mortality rate could be improved with the use of better 
supportive care, including parenteral nutrition and in- 
vasive monitoring. Such measures are beyond the reach 
of many hospitals in the developing world, however. The 
purpose of the present study was to examine the man- 
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agement of this complication of typhoid fever and to de- 
termine which variables could be manipulated to improve 
survival. First, a retrospective review was undertaken to 
ascertain prognostic indices and results of different treat- 
ment regimens. Then, a prospective series was initiated 
in which therapy was based on the findings of the review. 


Methods 


Patients undergoing surgery for typhoid ileal perforation 
at the Holy Family Hospital, Berekum, Ghana form the 
basis for this study. This is a 160-bed facility serving a 
predominantly rural population of 200,000. The hospital 
has basic operative facilities, but supportive care such as 
mechanical ventilation, parenteral nutrition, and invasive 
monitoring are unavailable. Plain radiographs and deter- 
minations of hemoglobin concentrations and white blood 
cell counts are available, but not serum electrolyte con- 
centrations nor arterial blood gas contents. Because there 
were no pathologic nor microbiologic services available, 
only patients who had typical operative findings of anti- 
mesenteric perforation of the distal ileum and a pre-per- 
foration history consistent with typhoid fever were in- 
cluded. 

In total, 221 cases were identified. First, 195 cases op- 
erated on between January 1, 1978 and December 31, 
1989 were reviewed retrospectively. Based on the results 
of this review, changes in management were instituted. 
All subsequent patients with typhoid ileal perforation were 
treated in a prospective fashion with two-layer transverse 
closure of the perforation and with a course of chloram- 
phenicol, gentamycin, and metronidazole. Chloram- 
phenicol was administered intravenously at 50 mg/kg/ 
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day up to an adult dose of 2 g daily in divided doses. 
Gentamycin was administered intravenously at 3 mg/kg/ 
day in divided doses. Metronidazole was administered by 
rectal suppository at 50 mg/kg/day up to an adult dose 
of 2 g daily in divided doses. The route of administration 
of chloramphenicol and metronidazole was changed to 
oral when the patients began oral intake. Antibiotics were 
continued for a total 7- to 14-day course. 

Using this regimen, an additional 26 patients were 
treated between January 1, 1990 and May 31, 1991. Sta- 
tistical analysis of the results was performed by chi square 
and the Student’s t test for unpaired data. 


Results 
Retrospective Review 


Demographic Data. There were 139 (71%) male and 
56 (29%) female patients. The mortality rate was higher 
in females (43% versus 27%) (chi square = 4.17, p < 0.05). 
Patients ranged in age from 2 to 72 years, with a mean 
age of 16.7 + 13.4 years (standard deviation [SD]). There 
were 74 patients younger than 10 years, 89 patients be- 
tween 10 and 29 years of age, and 32 patients older than 
30 years of age. The mortality rate was lower in the 10- 
to 29-year-old age group (21%) when compared with chil- 
dren (36%) and older adults (49%) (chi square = 8.64, df 
= 2, p < 0.025). 

Presenting Signs and Symptoms. The most common 


presenting symptoms were fever (78% of patients), ab- - 


dominal pain (77%), vomiting (38%), diarrhea (25%), and 
constipation (16%). The mortality rate was higher in pa- 
tients presenting with constipation (50%) (chi square 
= 5,24, p < 0.025). The most common presenting signs 
were abdominal tenderness to palpation (84%) and dis- 
tention (58%). The mortality rate was lower in 34 patients 
with tenderness localized to the right lower quadrant (18%) 
than in 15 patients with generalized tenderness (53%) (chi 
square = 5.40, p < 0.025). 

Laboratory Investigations. White blood cell counts 
(WBC) were measured in 92 patients. Mean WBC was 
10,870 + 5510 cells/mm? (SD) (range, 3000 to 29,000). 
Mean WBC was significantly higher in survivors (11,500 
+ 5650) when compared with nonsurvivors (8960 + 4710) 
(Student’s t test, p < 0.05). 

At least one hemoglobin concentration was obtained 
on 142 patients. To evaluate the effect of anemia, the 
lowest hemoglobin value was chosen if more than one 
was available on a given patient. Mean nadir hemoglobin 
was 9.1 + 2.9 g/dL (range, 3.0 to 17.1). There was no 
difference between the lowest hemoglobin values of sur- 
vivors (9.3 + 2.7) and nonsurvivors (8.5 + 3.4). 

There were 26 patients transfused among 46 patients 
with hemoglobin concentrations less than 8 g/dL. There 
was no improvement in mortality rate among transfused 
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patients (38%) compared with nontransfused anemic pa- 
tients (35%). 

Radiographs of the abdomen were performed on 109 
patients. Eighteen patients had normal radiographs, 34 
demonstrated an ileus pattern, and 57 demonstrated free 
intra-abdominal gas on their radiographs. There was no 
difference in mortality rate among these groups. 

Widal tests (serum agglutinin against the O antigen of 
Salmonella typhi) were performed on eight patients and 
were positive in all. 

Prior Antibiotics. Sixty-six patients (39%) were seen as 
outpatients before their perforations. Seventeen of these 
patients received oral chloramphenicol for a presumptive 
diagnosis of nonperforated typhoid fever. The mortality 
rate in these patients (29%) was not different from that 
in those who did not receive such treatment (31%). 

One hundred forty patients (72%) received at least one 
dose of a preoperative antibiotic (131 cloramphenicol, 9 
other drugs). Mortality rate remained at 31% whether or 
not such antibiotics were administered. 

Operative Findings. Most patients had only one per- 
foration. Increased number of perforations was associated 
with worsened mortality rate (chi square = 14.11, df= 3, 
p < 0.005) (Table 1). 

The perforations all were located on the antimesenteric 
border of the ileum, ranging from the ileocecal valve to 
80 cm proximally, with a mean location of 24 cm prox- 
imal to the ileocecal valve. 

The degree of fecal contamination was assessed intra- 
operatively, with 81 patients having minimal contami- 
nation (peritoneal exudate limited to one quadrant of the 
abdomen with no actual fecal spillage) and 114 having 
gross contamination (peritoneal exudate extending 
through more than one quadrant or any fecal spillage). 
The mortality rate was higher in the group with gross 
contamination (39% versus 20%) (chi square = 7.67, 
p < 0.01). 

Operative Procedure. Simple plication of the perforation 
with a one-layer transverse closure was performed in 115 
patients, and a two-layer closure was performed in 63 
patients. Two patients had such extensive damage to the 
bowel that a small bowel resection was necessary. Fifteen 
patients underwent an unspecified type of closure. There 
was a significant reduction in mortality rate when two- 


TABLE 1. Number of Perforations Versus Mortality 


Perforations Patients Deaths Mortality (%) 
J 153 42 27 
2 26 8 31 
3 8 4 50 
>4 8 7 88* 


* Chi square = 14.11 (df= 3), p < 0.005. 
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layer closure was used (17%) compared with single-layer 
closure (38%) (chi square = 7.30, p < 0.01). There was 
no difference between the one- and two-layer closure 
groups in their age or sex distributions, presenting signs 
or symptoms, presenting WBC, number of perforations, 
or degree of peritoneal contamination. 

The improvement in mortality rate for two-layer closure 
remained significant when the early deaths (<24 hours 
after operation) were subtracted. Of 102 single-layer clo- 
sure patients, 30% died, compared with 12% of 59 two- 
layer patients (chi square = 6.12, p < 0.025). 

Postoperative Antibiotics. All patients received chlor- 
amphenicol. Forty-four per cent received this antibiotic 
alone. Thirty-eight per cent also received ampicillin, 31% 
metronidazole, 10% gentamycin, 8% penicillin, and 4% 
other antibiotics. All except metronidazole were given in- 
travenously until the patients could resume oral intake, 
at which time the route of administration was changed 
to oral. Metronidazole was administered by rectal sup- 
pository during the nulla'per os period. Gentamycin was 
administered only by the parenteral route. 

There was a significant reduction in the mortality rate 
with broader-spectrum antibiotic coverage in the form of 
chloramphenicol with gentamycin, metronidazole, or 
both. The mortality rate was 20% of the 66 patients re- 
ceiving such a regimen, compared with 36% of the 86 
patients receiving chloramphenicol alone (chi square 
= 4.09, p < 0.05). There was no difference between the 


chloramphenicol group and the chloramphenicol, gen- - 


tamycin, metronidazole group in their age or sex distri- 
bution, presenting signs or symptoms, presenting WBC, 
number of perforations, or degree of peritoneal contam- 
ination. The addition of other antibiotics to the chlor- 
amphenicol, gentamycin, metronidazole regimen did not 
improve prognosis. The addition of antibiotics other than 
gentamycin or metronidazole to chloramphenicol did not 
improve prognosis compared with chloramphenicol alone. 

The combination of chloramphenicol with metroni- 
dazole and gentamycin was used in 15 patients and re- 
sulted in the lowest mortality rate (13%). This was not 


TABLE 2. Antibiotics and Degree of Peritoneal 
Contamination Versus Mortality 


Antibiotic Patients Deaths Mortality (%) 
Minimal contamination 
Chloramphenicol 40 12 30 
CGM 26 l 4* 
Gross contamination 
Chloramphenicol 46 i9 4} 
CGM 40 12 30 


* Chi square = 5.26, p < 0.025. 
CGM, chloramphenicol with gentamycin, metronidazole, or both. 
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TABLE 3. Antibiotics and Type of Surgical Repair Versus Mortality 


Treatment Patients Deaths Mortality 
Chloramphenicol, one layer 64 26- 40 
CGM, one layer 33 9 27 
Chloramphenicol, two layers 12 2 17 
CGM, two layers 30 4 13* 


* Chi square = 8.61 (df= 3), p < 0.05. 
CGM, chloramphenicol with gentamycin, metronidazole, or both. 


statistically different from the combination of chloram- 
phenicol with either gentamycin or metronidazole alone, 
however, as used in 5! patients with a mortality rate 
of 22%. 

The protective effect of broader-spectrum antibiotics 
was most significant in the minimal contamination group 
(chi square = 5.26, p < 0.025) (Table 2). When the type 
of closure and postoperative antibiotic regimen were con- 
sidered together (Table 3), there was a progressive im- 
provement in survival with the addition of double-layer 
closure to broader-spectrum antibiotics (chi square = 8.61, 
df = 3, p < 0.05). 

Complications. The most frequent complications were 
wound infection (21% of patients), enterocutaneous fistula 
(5%), fascial dehiscence (4%), intra-abdominal abscess 
(3%), and pneumonia (3%). Six patients required a second 
laparotomy for repeat perforation (4) or bowel obstruction 
(2). Among these complications, mortality rate was in- 
creased only by the development of an enterocutaneous 
fistula, which had an associated mortality rate of 67% (chi 
square = 3.91, p < 0.05). There was no relationship be- 
tween the development of complications and the antibiotic 
regimen or the type of operation. 

Mortality Rate. The overall mortality rate in this series 
was 31%. This was significantly affected by female sex (p 
< 0.05), extremes of age (p < 0.025), presence of consti- 
pation preoperatively (p < 0.025), location of peritoneal 
signs (p < 0.025), preoperative WBC (p < 0.05), number 
of perforations (p < 0.005) (Table 1), degree of peritoneal 
contamination (p < 0.01), type of operative repair (p 
< 0.01), postoperative antibiotic regimen (p < 0.05) (Ta- 
bles 2, 3), and the development of enterocutaneous fistula 
postoperatively (p < 0.05). It was not influenced by the 
hemoglobin concentration, preoperative radiologic find- 
ings, nor by the use of outpatient or preoperative anti- 
biotics. Mortality rate was higher in the early postoperative 
period, with 30% of the deaths occurring within 24 hours 
of surgery. 


Prospective Series 


Review of the results of the retrospective series in 1989 
demonstrated the advantage of two-layer closure and 
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broader-spectrum antibiotic coverage in the form 
of chloramphenicol, gentamycin, and metronidazole. 
Therefore, a prospective series was initiated in which all 
subsequent patients with typhoid ileal perforation received 
this treatment. The antibiotic regimen was as outlined in 
the Methods section. 

This prospective series included 26 patients treated from 
January 1, 1990 to May 31, 1991. This group was not 
different from the retrospective series in any of the prog- 
nostic indices of sex or age distribution, presenting signs 
or symptoms, presenting WBC, number of perforations, 
or degree of peritoneal contamination. The mortality rate 
of 8% in this group was lower than the 40% rate for the 
patients treated with one-layer closure and chloramphen- 
icol alone in the retrospective series (chi square = 7.88, 
p < 0.005) and lower than the 31% mortality rate in the 
retrospective series as a whole (chi square = 5.16, p 
< 0.025). The mortality rate was not different from that 
for patients treated by the same method in the retrospec- 
tive series. There was no difference in the rate of post- 
operative complications in the prospective compared with 
the retrospective series. 


Discussion 


Typhoid fever has become rare in the United States 
and the developed world, with an annual incidence of 0.2 
cases per 100,000 population. It remains a major public 
health problem in the developing world as a whole and 
Africa in particular, however, with annual incidences of 
540 and 1020 per 100,000, respectively.'* Furthermore, 
the increased incidence of S. typhi infections in patients 
with acquired immune deficiency syndrome (AIDS)!? 
raises the possibility of a resurgence of typhoid fever in 
the developed world. 

The most lethal complications of typhoid fever are in- 
testinal bleeding and ileal perforations, both arising from 
necrosis of Peyer’s patches in the terminal ileum. Perfo- 
ration has been reported to occur in 0.9% to 39% of 
cases,'?:!4-2° with wide variation, often dependent on geo- 
graphic location.'*'> Butler reviewed 15,980 cases of ty- 
phoid in the world’s literature and reported an overall 
2.8% perforation rate.!° 

The preoperative diagnosis of perforation is based on 
findings of peritonitis in a patient with a history of a pro- 
longed febrile illness. The intraoperative finding of per- 
foration of the antimesenteric border of the terminal ileum 
is so characteristic that diagnosis can be based on this 
alone.’~?!°?!,22 Although serologic and bacteriologic data 
may be supportive, these are frequently negative. Blood 
cultures are positive for S. typhi in only 3% to 34% of 
cases of typhoid perforation,’”*!®!® and cultures of the 
stool and peritoneal fluid are usually negative for this or- 
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ganism.”! The Widal serology test is positive in 20% to 
75% of cases of typhoid perforation,?*>~!°!*? but is fre- 
quently negative early in the course of the disease.” Typical 
operative findings were the basis for inclusion in the pres- 
ent study. 

The treatment of typhoid ileal perforations remains 
somewhat controversial.** Surgery for the treatment of 
typhoid perforation began in the late 1800s.% After the 
work of Finney”° and Cushing,” surgery became the stan- 
dard treatment, with mortality rates ranging from 60% to 
80%. The introduction of chloramphenicol greatly im- 
proved the outcome of nonperforated typhoid fever. A 
wave of enthusiasm for the treatment of typhoid perfo- 
rations with chloramphenicol and supportive care without 
surgery occurred in the early 1960s.!”? Despite initial 
reports oi mortality rates of 20% to 30% with such con- 
servative care, the weight of evidence over the last 25 years 
has been in favor of surgery supplemented with chlor- 
amphenicol,'~!!:!4-1820-23,30-34 Spontaneous sealing of the 
perforation rarely occurs.23>7~!12>:3!,3334 The resulting 
spillage causes gross fecal contamination in 60% to 90% 
of cases,” ! 11623 with such gross contamination decreasing 
survival.’ The inability of chloramphenicol to sterilize the 
bowel centents, even when given before the onset of per- 
foration,*"”"!%:!4:!8.25 leads to a continued source of sepsis 
unless surgical closure of the perforation is undertaken. 
In a review of 2245 cases of typhoid perforation reported 
in the world’s literature, Butler et al. found the overall 
mortality rate to be 70% with medical treatment and 26% 
with surgery.!° 

Mortality rates ranging from 20% to 40% are most 
commonly reported):?4-”!!:393! for typhoid ileal perfo- 
rations. Rates as low as 3% to 9% have been reported 
from areas in the developing world with better economic 
conditions, including Mexico,” South Korea,” South 
Africa,'® and Hong Kong.” Such mortality rates have been 
achieved by the addition of close electrolyte and blood 
gas monitoring, intensive care unit nursing, central venous 
pressure monitoring, and use of total parenteral nutri- 
tion.”:!©7°.24,32 Most of these measures are beyond the reach 
of the majority of hospitals in the developing world, es- 
pecially in rural areas. Variables that can be manipulated 
to improve survival in such locations include more ag- 
gressive fluid and electrolyte resuscitation, »>!835 the type 
of surgical procedure, and the antibiotic regimen. The 
current study showed significant reduction in mortality 
rate with changes in the latter two variables. 

A variety of surgical procedures have been recom- 
mended for treatment of typhoid perforations. In mori- 
bund patients, simple drainage of the peritoneum under 
local anesthesia may be all that is feasible.5”1 123253! The 
most common definitive treatment for nonmoribund pa- 
tients has been debridement and simple transverse closure 
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of the perforation, 
layers." 1,2,8,11,14,16,33,34 

In the current sertes, the dorai rate was reduced by 
more than half by the addition of a second suture line to 
the closure. The improvement remained significant even 
when early deaths were subtracted, patients whose deaths 
were possibly not related to the exact operative procedure. 
This strongly suggests an actual prevention of leaks or 
repeat perforations by a two-layer closure. 

More HEETE treatment in the form of yede 
resection® or small bowel resection®* has been recom- 
mended. Most authors recommend resection only for se- 
verely damaged bowel,!?4!!,14,16,33,34 whereas others use 
it for multiple perforations,””**! or even as the preferred 
treatment for any perforation.” The greatly increased 
mortality rate with multiple perforations in the present 
series (Table |) suggests that resection may be better treat- 
ment for such patients. 

The antibiotic of choice for S. typhi infection is chlor- 
amphenicol. This drug has great efficacy in nonperforated 
typhoid fever, may decrease the incidence of perforation, 
and has generally been the only antibiotic used in cases 
of perforation. Its spectrum does not fully cover the aero- 
bic gram-negative and the anaerobic bacteria associated 
with perforation of the distal ileum, however. Although 
effective in vitro against Bacteroides fragilis, chloram- 
phenicol has been shown to be ineffective in treatment of 
infections caused by this organism.?”** It is also ineffective 
against many aerobic gram-negative bacilli in vivo.2>*® 

Combination of chloramphenicol with agents more ef- 
fective against anaerobes (metronidazole or clindamycin) 
and against aerobic gram-negative bacilli (aminoglyco- 
sides) would improve the spectrum of coverage needed 
by patients with ongoing typhoid fever and fecal perito- 
nitis.” Results with the combination of chloramphenicol 
and parenteral metronidazole have been encourag- 
ing.*:!*,22,23 Tn the current series, for reasons of availability 
and cost, metronidazole was administered via the rectal 
route, which results in a 60% to 80% bioavailability.*° 
There was a significant improvement in survival when 
either metronidazole, gentamycin, or both were added to 
the chloramphenicol (Tables 2 and 3). The addition of 
both would be logical. There might be a tendency to re- 
serve additional antibiotics for more grossly contaminated 
cases. Improvement in survival was most marked, how- 
ever, for minimally contaminated cases (Table 2). 

The cost of additional antibiotics is moderate. A day’s 
therapy of intravenous chloramphenicol at 500 mg per 
dose four times per day costs $2.80 (cost to patient for 
drug itself in an American hospital). A day’s therapy of 
intravenous gentamycin at 80 mg three times per day costs 
. $1.20. Metronidazole at 500 mg intravenously four times 
per day costs $6.00 daily. Metronidazole by rectal sup- 


4,9,23,31 


in either one or two 
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pository at the same dosage, however, costs only $0.32 
daily. 


Conclusion 


Typhoid fever is still a major health problem through- 
out the developing world, and one of its major compli- 
cation is ileal perforation. The typical mortality rate of 
30% associated with perforation is unacceptably high, es- 
pecially in view of the young age of the patients. We rec- 
ommend two-layer transverse closure of the perforation 
and treatment with chloramphenicol, gentamycin, and 
metronidazole. This treatment regimen resulted in a 
threefold reduction in mortality rate compared with other 
regimens. Furthermore, such measures are low cost and 
widely applicable. 
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Acute and Chronic Gastrointestinal Manifestations 
Associated With Yersinia enterocolitica Infection 


A Norwegian 10-year Follow-up Study on 458 Hospitalized Patients 





ARVE SAEBØ, M.D.,” and JORGEN LASSEN, M.D.t 


The aim of the present study was to elucidate the gastrointestinal 
manifestations of yersiniosis. During the period 1974 to 1983, 
Yersinia enterocolitica infection was diagnosed in 458 patients, 
by isolation from fecal samples or by antibody response. At first 
admission, 184 patients had abdominal pain; 200, diarrhea; 45, 
vomiting; and 36, weight loss. Ulcerative colitis was diagnosed 
in 7 patients, Crohn’s disease in 2, and unspecific colitis in 11. 
Mesenteric lymphadenitis or ileitis were found in 43 of 56 pa- 
tients at laparotomy. The patients were followed for 4 to 14 
years (1987). Thirty-eight patients were readmitted with ab- 
dominal pain and 28 with diarrhea; these symptoms were sig- 
nificantly correlated with the corresponding symptoms at first 
admission. Chronic colitis was diagnosed in 4 patients, chronic 
weight loss in 12. A follow-up inquiry (380 patients) indicated 
that patients with right iliac fossa pain during the acute infection 
less frequently developed chronic abdominal complaints. Gas- 
' trointestinal symptoms are common in both the acute and chronic 
stages of yersiniosis. The correlations between acute and chronic 
symptoms indicate that yersiniosis is a chronic disease. Immu- 
nologically competent individuals may profit by fighting the in- 
fection in the right iliac fossa. The relationship between yer- 
siniosis and inflammatory bowel diseases may still not be settled. 


ERSINIA ENTEROCOLITICA WAS isolated from a 

y patient with acute terminal ileitis in 1964,' and 

its associations with this condition and with 
"mesenteric lymphadenitis were recoxnized during the next 
few years.” 

The most common abdominal manifestation: of the 
acute Y. enterocolitica infection apparently is a self-lim- 
iting gastroenteritis. Emergency intestinal resections have 
been performed in some patients, however, and some have 
died of fulminant disease.*” Other patients have developed 
chronic intestinal disease.° 

The aim of the present study was to perform a survey 
of acute and chronic gastrointestinal manifestations as- 
sociated with Y. enterocolitica infection. 
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Materials and Methods 


The determination of antibodies to Y. enterocolitica 
was introduced in Norway by the National Institute of 
Public Health in 1972. 

During the 10-year period 1974 to 1983, the institute’s 
laboratory diagnosed Y. enterocolitica infection in 553 
hospitalized patients. Excluded were 95 patients with in- 
sufficient or missing hospital files. Adequate clinical in- 
formation was obtained on 458 patients (202 men and 
boys, mean age 33.4 years; and 256 women and girls, 
mean age 39.6 years) admitted to 52 different hospitals, 
and these patients constitute the material of the present 
study. 


Clinical Data 


Clinical data were obtained from the various clinical 
departments on the frst admission, and from all subse- 
quent admissions. Valuable information was obtained also 
through general practitioners. The study was terminated 
June 30, 1987, with observation times of 4 to 14 years. 
At this time, 46 patients were dead and two could not be 
located. 

Three hundred eighty of the 410 remaining patients 
replied to a clinical questionnaire on persistence or de- 
velopment of particular abdominal complaints after the 
infection, by checking as appropriate the alternatives 
“Yes,” “No,” or “Uncertain.” The patients admitted to 
Bergen University Hospital all underwent a thorough 
clinical follow-up examination, including endoscopic ex- 
aminations in patients with severe chronic diarrhea. 

Diagnosis of Y. enterocolitica infection was based on 
one or both of the following methods: 
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A. Isolation of Y. enterocolitica from fecal samples (se- 
rotype 0:3, 56 patients; serotype 0:9, 1 patient). 

B. Antibody response to Y. enterocolitica as evaluated by 
one of the following methods: 

(i) During the period 1974 through August 1982: 
bacterial whole cell agglutination using alcohol- 
treated bacterial cells as antigen. An agglutination 
titer of at least 640, or a fourfold or greater increase 
of the titer in two consecutive samples, was rec- 
ognized as indicative of an actual or recent infec- 
tion (serotype 0:3, 395 patients; serotype 0:9, 2 
patients). 

(ii) During the period September 1982 through 1983: 
enzyme-linked immunosorbent assay (ELISA) 
using lipopolysaccharide extracted with hot phenol 
water as antigen.’ Serum samples were examined 
for both specific IgG and IgM activity (at follow- 
up also IgA activity). Net absorbance values (ab- 
sorbance in the sample minus the absorbance in 
the negative control) of 0.1 or greater were re- 
garded as significant. A net absorbance of 0.5 or 
greater, or an increase in the activity of at least 
30% in two consecutive serum samples, were con- 
sidered indicative of an actual or recent infection 
(serotype 0:3, 33 patients). 

Laboratory and Clinical Examinations. Laboratory and 
clinical examinations were performed according to stan- 
dard procedures. Their extent varied between hospitals 
and departments and with seriousness of disease. The re- 
ported observations represent minimum numbers. 


Statistics 


The two-sample Student’s t test, the standard error of 
difference between two proportions, the chi square test 
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with Yates’ correction, and Fisher’s exact test for 2 X 2 
contingency tables (all two-sided) were used for compar- 
ison between subgroups of the material. 


Results 
First Admission 


Acute Abdominal Symptoms. Age and sex distribution 
of patients with acute abdominal symptoms are displayed 
in Table 1. Patients with particular pain localizations 
showed significantly different age distributions. The ma- 
jority of patients with vomiting, and every second patient 
with diarrhea, concomitantly had abdominal pain. 

Children less than 10 years of age had a significantly 
higher total frequency of diarrhea than did older patients 
(17/24 > 183/424; p = 0.015); and a higher relative fre- 
quency of macroscopically bloody diarrhea (5/17 > 14/ 
183; p = 0.03). Most children with bloody diarrhea were 
infants. Children younger than 10 years of age had a sig- 
nificantly higher frequency of vomiting than did older 
patients (6/24 > 39/424; p = 0.04); all children with vom- 
iting were in fact younger than 5 years of age. 

Weight Loss. Weight loss (mean, 7.4 kg) in 36 patients 
usually took place over a few weeks or months in asso- 
ciation with the acute infection. Twenty-four patients 
concomitantly had diarrhea; 19, acute polyarthritis; 4, 
liver involvement; 2, acute nephritis; and 1, pulmonary 
involvement. Four female and 2 male patients lost more 
than 10 kg of weight. A 26-year-old woman who lost 20 
kg over 1 year developed chronic pancreatic insufficiency. 

Emergency Operations. Thirty males (14.9%) and 26 
females (10.2%) underwent emergency abdominal oper- 
ations. Perioperative findings and age distribution of pa- 
tients are displayed in Table 2. 


TABLE 1. Acute Abdominal Symptoms Observed Among 448 Patients Admitted With Y. enterocolitica Infection* 


M 
Age (yr) 
No. Range Mean 
Abdominal pain 
Diffuse 40 2-66 32.6* 
Low nght 36 6-88 27.14 
Subcostal right 7 35-60 46.1*f 
Left side 2 33-36 
Total 85 
Diarrhea 
Without bleeding 80 1-88 34.0 
Bloody 9 0--65 30.7 
Total 89 
Vomiting 21 2-77 25.4 
Weight loss 14 15-68 33.4 


Ten patients with previous ulcerative colitis, Crohn’s disease, or chronic 
colitis not included. 
*p = 0.05. 


F 
Age (yr) 
SD No. Range Mean SD 
17.2 52 3-8 | 39.1t 18.5 
17.9 38 7-68 30.94 16.8 
9.2 8 19-94 41.6 24.2 
l 47 
99 
18.9 101 0-81 41.3 18.3 
21.2 10 0-55 23.8 18.0 
111 
18.2 24 0-94 40.5 22.9 
14.6 22 6-75 50.9 17.2 
tp < 0.01. 
tp < 0.04. 
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TABLE 2. Intra-abdominal Conditions Observed in 56 Patients who Underwent Emergency Laparotomy 


M 
Age (yr) 
No. Range Mean 
Mesenteric lymphadenitis 10 6-23 14.6*+ 
Terminal ileitis/ileitis 14 17-66 31.5} 
Other conditions (see text) 6 


Sex and age distribution, significance of observed mean age differences. 
* win 
p = 0.04. 


Mesenteric lymphadenitis was the only finding in 10 
male and 13 female patients. Among 13 male patients 
with acute terminal ileitis, eight also had mesenteric 
lymphadenitis. One male patient had regional ileitis. 
Among six female patients with ileal affection, three had 
terminal ileitis and three had diffuse ileitis. The youngest 
two (16 and 18 years of age) additionally had mesenteric 
lymphadenitis. One woman with diffuse ileitis shortly af- 
terward developed acute pancreatitis. The sex differences 
in frequency of ileitis, and in lymphadenitis/ileitis ratio, 
were statistically not significant. 

In two men (18 and 40 years of age) and one woman 
(23 years of age), surgery disclosed acute appendicitis, an 
88-year-old man suffered from acute cholecystitis, two 
women (17 and 75 years of age) had acute hepatitis, and 
a 35-year-old woman had acute colitis. In a 21-year-old 
man, mesenteric lymphadenitis was associated with a 
perforated duodenal ulcer. A 41-year-old man presented 
with monstrous mesenteric lymphadenitis, splenomegaly, 
and slight liver affection®; in another (57 years of age), 
mesenteric lymphadenitis caused ileocolic intussuscep- 
tion.” An ileopsoas muscle hematoma was found in a 22- 
year-old woman; in another (20 years of age), ample in- 
traperitoneal fluid only was found. 

Examinations and Findings in Patients Not Operated 
On. Thirty-two patients underwent endoscopy, and 137 
were radiologically examined. Acute gastroduodenitis was 
diagnosed in one patient, terminal ileitis in one, acute 
colitis in seven, acute proctitis in two, and chronic un- 
specific colitis in two patients. 

Abdominal Masses. A boy and a man (14 and 26 years 
of age) and three women (19, 42, and 80 years of age) 
were admitted with right iliac fossa inflammatory masses, 
and a 66-year-old man was admitted with a rectovesical 
fossa abscess. 

Association With Chronic Inflammatory Bowel Disease. 
A 30-year-old woman was admitted 1 month after the 
acute onset of severe diarrhea; a 32-year-old man was 
admitted after 7 months. Both patients later underwent 
bowel resection. Microscopy of specimens showed changes 
consistent with ulcerative colitis (UC) in the woman, and 
Crohn’s disease (CD) in the man. 


F 
Age (yr) 
SD No. Range Mean SD 
50 13 7-47 23.275 11.5 
{2.4 6 16-66 38.25 21.3 
7 
+p = 0.0006. 
t p = 0.06 (NS). 


Another four men (19 to 74 years of age) and three 
women (41 to 62 years of age) had suffered from chronic 
inflammatory bowel disease for 2 to 20 years. Ulcerative 
colitis was diagnosed in six; CD, in 1. Some of them had 
experienced extraintestinal manifestations like eosino- 
philic pulmonary infiltrate, hepatitis, chronic cholecystitis, 
rectovaginal or perianal fistulas, arthritis, eye inflamma- 
tion, or generalized urticaria; one had positive tests for 
rheumatoid factor. One patient died in hospital, three un- 
derwent intestinal resections, and three were still on med- 
ical treatment at follow-up. Chronic nonspecific colitis 
was diagnosed in a 48-year-old woman with chronic diar- 
rhea. 


Follow-up 


Readmissions. One hundred sixty patients (73 males, 
36.1%; and 87 females, 34.0%) were readmitted during 
the follow-up period; 47 male and 55 female patients were 
readmitted three or more times. One male and | female 
patient were admitted about 40 times each because of 
chronic disease affecting several organ systems. 

Abdominal symptoms. Among the 160 readmitted pa- 
tients, 38 suffered from chronic abdominal pain, and 28 
from chronic diarrhea. Nine patients suffered from both 
abdominal pain and diarrhea. Symptoms at readmission 
were significantly correlated with symptoms at first ad- 
mission (Table 3). 

Weight loss (mean, 9.4 kg) was observed in 12 patients 
(5 males and 7 females); it was associated in all with some 
chronic manifestation such as diarrhea, nephritis, hepa- 
titis, or arthritis. Three of these patients had also experi- 
enced weight loss in association with the acute infection. 
A woman who lost 24 kg needed intravenous alimenta- 
tion. 

Examinations and findings. Thirty-three patients un- 
derwent endoscopy, and 53 were radiologically examined. 
Chronic colitis was diagnosed in another four male pa- 
tients (mean age, 30 years). A 36-year-old man with diffuse 
abdominal complaints and abnormal stools had low 
serum levels of iron, cholesterol, and cobalamin. His duo- 
denal biopsies showed low and partly coalesced villi, sug- 
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TABLE 3. Patients With and Without Acute Abdominal Pain or 
Diarrhea at First Admission who Were Readmitted With Chronic 
Abdominal Pain or Diarrhea 


Readmission 
symptoms 
First admission Abdominal Diarrhea 
pain 
Symptom No. No. (%) No. (%) 

Abdominal pain 

With 184 23 (12.5)* 15 (8.2) 

Without 264 15 (5.7)* 13 (4.9) 
Diarrhea 

With ~ 200 22 (11.0) 18 (9.0)+ 

Without 248 16 (6.5) 10 (4.0)+ 
Total 448 38 (8.5) 28 (6.3) 


Ten patients with previous ulcerative colitis, Crohn’s disease, or chronic 
colitis not included. 

* p < 0.015. 

+p = 0.03. 


gesting celiac disease; gastric biopsies showed chronic in- 
flammation and intestinal metaplasia, and colonic biop- 
sies showed slight chronic inflammation. Two patients 
had pathologic Schilling’s tests, indicating ileal affection. 

Reexamination at the Bergen University Hospital. 
Among 24 reexamined patients, nine complained of diar- 
thea; they all related the start of their complaints to the 
Y. enterocolitica infection. 

Five with severe chronic diarrhea (5 to 15 stools a day) 
underwent duodenoscopy and colonoscopy; in four of 
them duodenal biopsies were abnormal with slight edema, 
moderate inflammation, and some flattened villi. One 
patient microscopically had minor changes in distal colon. 
Small bowel series disclosed no abnormality; serum levels 
of folic acid, cobalamin, calcium, and total protein were 


normal in all. Y. enterocolitica or other pathogenic bac- 
teria were not isolated from their stools. All still had sig- 
nificant specific activity of IgG (net absorbance values: 
0.25 to 0.57), three had low but significant IgM activity, 
and three had IgA activity. One patient had an IgA net 
absorbance value of 0.25 after 12 years; another, 0.61 after 
9 years (ELISA). 

Questionnaire. Chronic complaints inquired about were 
abdominal pain, diarrhea, mucous or bloody diarrhea, 
voluminous stools floating on water, and weight loss. 

The frequencies of “Yes” answers among 371 patients 
without inflammatory bowel disease (IBD) (see above) 
are displayed in Table 4. The complaints usually were 
tolerable and experienced periodically, but several patients 
(among them 11 with weight loss) had needed hospital 
admission, and some were socially disabled. 

Sex and age. Male and female patients reported com- 
parable frequencies of the particular complaints; the age 
distributions mirrored the sexes’ whole material age dis- 
tributions. No correlation was found between age at first 
admission and frequencies of later complaints. 

Time of observation. Patients who had been followed 
for 10 years or more reported higher frequencies of mu- 
cous or bloody stools, and of weight loss, than patients 
admitted later (38/213 > 17/158, p < 0.06; viz. 28/213 
> 11/158, p < 0.06). 

Relation to first admission symptoms. More patients 
complained of diarrhea who had been admitted with ab- 
dominal pain, than did patients admitted without ab- 
dominal pain (69/158 > 70/213; p < 0.035). 

Patients admitted with diffusely located abdominal pain 
reported higher frequencies of mucous or bloody diarrhea, 
voluminous stools floating on water, and of unintentional 
weight loss than did patients with right iliac fossa pain. A 
high frequency of voluminous stools was reported by pa- 


TABLE 4. Follow-up Results: Chronic Abdominal Symptoms Among 371 Patients Without Previous Inflammatory Bowel Disease 


Chronic complaints 


i ak Diarrhea without Mucous or bloody Voluminous floating ies 
First admission bleeding darhei stools Weight loss 
Symptom No. No. (%) No. (%) No. (%) No. (%) 
Abdominal pain 
Without pain 213 42 (19.7) 28 (13.1) 30 (14.1) 18 (8.5) 
Diffuse 8 I 18 (22.2) 19 35)" 16 (19.8)+ 15 (18.5)} 
Right iliac fossa 62 17 (27.4) 6 (9.7)* 5 (8.1)+§ 4 (6.5)} 
Right subcostal 12 5 (41.7) l (8.3) 6 (50.0)§ 2 (16.7) 
Left side 3 2 l 2 0 
Diarrhea 
None 201 35 (17.4) 26 (12.9) 31 (15.4) 20 (10.0) 
Without bleeding 154 48 (31.2) 24 (15.6) 26 (16.9) 18 (11.7) 
Bloody — 16 l (6.3) 5 (31.3) 2 (12.5) I (6.3) 
Total 371 84 (22.6) 55 (14.8) 59 (15.9) 39 (10.5) 
* p < 0.035 f p = 0.035 
Tp = 0.05 § p = 0.003 
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tients with right-sided subcostal pain. More patients com- 
plained of diarrhea who had been admitted with diarrhea, 
than did patients admitted without diarrhea (78/170 > 61/ 
201; p < 0.0025). 

Clinical Course of Patients With Ileal Affections. The 
21 patients with verified terminal or regional ileitis all 
replied to our questionnaire. None had developed CD; 
neither had this group experienced more abdominal com- 
plaints than other patients. Three male patients were ex- 
amined by small bowel series after 5 years, with normal 
findings. Y. enterocolitica had been isolated from stools 
in two. patients during the acute infection, and antibody 
titers of 5000 had been recorded in two. 


Discussion 
Acute Abdominal Manifestations 


Previous reports state that abdominal pain is common 
` during acute Y. enterocolitica infection. Attention has 
been paid to “the right iliac fossa syndrome”? *!™!'; and 
one of us has described “the right subcostal syndrome” 
mimicking cholecystitis.'* The present study supports 
these observations, regarding both frequency and local- 
ization of abdominal pain. Diarrhea is a common acute 
manifestation at all ages,*'®'! but macroscopically bloody 
diarrhea is especially seen in infancy and childhood.'*"° 
The present study concurs with the previous ones; and 
we have been able to show the statistical significance of 
the age distribution. In accordance with previous reports, 
“the right iliac fossa syndrome” was the most common 
indication for emergency surgery, which regularly dis- 
closed mesenteric lymphadenitis or ileal affection. 171%! 
The significant difference between age distributions of 
male and female patients with mesenteric lymphadenitis 
has no counterpart in previous reports. Clinical studies 
indicate that the Y. enterocolitica infection may cause 
acute appendicitis; but it is responsible in only a minor 
fraction of the total number.”!*!’ The appendicular in- 
flammation is generally slight.!:!° We abstain from caus- 
ative conclusions in our three cases, because isolation of 
Y. enterocolitica was not attempted. Findings of perforated 
duodenal ulcer and acute cholecystitis possibly may rep- 
resent coincidences; abdominal masses in unoperated pa- 
tients may represent conditions like those found in pa- 
tients who underwent surgery. 


Chronic Abdominal Manifestations 


. At readmission, every third patient complained of ab- 
dominal pain or diarrhea; these symptoms were signifi- 
cantly correlated with the corresponding symptoms at first 
admission. Twelve patients suffered from chronic weight 
loss. In a few patients, the substrates of these complaints 
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might have been traced by the demonstration of chronic 
colitis, duodenal microscopic changes, or abnormal 
Schilling tests. 

At follow-up, chronic abdominal complaints were 
common even among patients who had not consulted a 
doctor, and significant correlations were demonstrated 
between pain localization at first admission and frequen- 
cies of particular complaints. The higher frequencies 
among patients with long-time observation might indicate 
development over several years. 

Reexamination of the Bergen University Hospital pa- 
tients confirmed the frequencies of abdominal complaints 
claimed by questionnaire responders. Duodenal micro- 
scopic changes in four of five patients with severe diarrhea 
are in accord with findings in one of the readmitted pa- 
tients (see above), and with a previous report on duodenal 
affection associated with weight loss and arthritis.'® 

In keeping with our observations are several previous 
reports of sustained or recurrent diarrhea, or abdominal 
pain, after Y. enterocolitica infection.*'''*'* An associ- 
ation between the Y. enterocolitica infection and chronic 
colitis or UC was suggested from clinical observations 15 
years ago! °- later, high frequencies of specific antibodies 
were observed among patients with UC?! and CD,” and 
recently persistence of virulent Y. enterocolitica has been 
demonstrated in patients with chronic intestinal inflam- 
mations.” 

Ulcerative colitis had been diagnosed in six of our pa- 
tients several years before the diagnosis of Y. enterocolitica 
infection. This prevalence of UC significantly exceeds the 
highest prevalence previously estimated in the Scandi- 
navian countries (6/458 > 741/807.000; p < 0.000001).” 
Some of our patients with IBD may have acquired Y. 
enterocolitica infection in an already diseased state. Two 
patients, however, were admitted shortly after the acute 
onset of diarrhea; they both underwent bowel resection. 
These observations may support the concept of a con- 
nection between the Y. enterocolitica infection and IBD. 

Patients admitted with right iliac fossa pain had the 
better prognosis regarding future mucous or bloody stools, 
voluminous stools floating on water, and unintentional 
weight loss. It may be supposed that different pain local- 
izations represent involvement of different organs. Given 
that right iliac fossa pain represents mesenteric lymph- 
adenitis or terminal ileitis, the patients who are immu- 
nologically capable of fighting the microorganism at this 
early line of defense will profit. If a connection between 
Y. enterocolitica infection and IBD exists, the hypothesis 
also may explain why patients with Y. enterocolitica in- 
fection and verified acute terminal ileitis infrequently de- 
velop CD at a later time*>”®; and it might be in accordance 
with the hypothesis that development of IBD involves an 
interaction between external agents, immunologic genetic 
influences, and host response.” Ulcerative colitis and 
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Crohn’s disease may be prototypes, or polar extremes, of 
a single disease also comprising indeterminate colitis.*”"8 

Weight loss was experienced by 73 patients, (27 males, 
46 females; 16.3%). Forty-five were admitted to hospital; 
another 28 reported this complaint at follow-up. Corre- 
spondingly, a previous report states that 6 of 37 patients 
(16%) in a gastroenterologic unit lost weight*; the symp- 
tom also has been noticed by others. !8?? Weight loss may 
be associated with bowel affection and diarrhea, but also 
with extraintestinal or systemic disease without diarrhea. 


Conclusion 


The present study supports previous observation on 
gastrointestinal affection during acute Y. enterocolitica 
infection, and indicates that the infection may launch 
chronic abdominal complaints. The relationship between 
the Y. enterocolitica infection and indeterminate colitis, 
UC, and CD still may not be definitively settled. Further 
prospective studies are required to elucidate the role of 
Y. enterocolitica in chronic gastrointestinal disease. 
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Splenic Autotransplantation and 


the Immune System 


Adequate Testing Required for Evaluation of Effect 





WIM TIMENS, M.D.,* and ROB LEEMANS, M.D.t 


The risk of severe infections after splenectomy, even after many 


years, is now well established. In attempts to prevent these in- 
fections, spleen-saving techniques, including autotransplantation 
of spleen fragments, have been performed, when possible in 
combination with vaccination. The problem in autotransplanta- 
tion is the evaluation of functional activity. The results of the 
tests used until now often do not seem to correlate very well with 
the risk of developing an overwhelming postsplenectomy infection 
(OPSI). This may be related to the fact that the tests used eval- 
uate general functions, and not specific spleen-related functions, 
such as the capacity to mount a primary response to certain 
polysaccharide antigens present in the capsule of bacteria known 
. to cause OPSI. In this review, the significance of the spleen in 
the human immune system is discussed and the effects of sple- 
nectomy are described, including the precautions that can be 
taken to diminish the risk of postsplenectomy infections and 
sepsis. It appears that postsplenectomy vaccination is more suc- 
cessful when recently developed protein-conjugated polysaccha- 
ride vaccines are used. Because the present testing of the function 
of spleen autotransplants is not adequate, we suggest that new 
tests should be developed, employing appropriate polysaccharide 
antigens. 


a mysterious and rather useless organ. Conse- 

quently, surgical removal of the spleen because of 
trauma or disease was thought to have negligible conse- 
quences for the health of the patient (for a historical re- 
view, see ref. 1). Although incidental reports mentioned 
a relationship between splenectomy and infection, it was 
not until 1952 that a causative association was reported 
between splenectomy (for congenital hemolytic anemia) 
and the occurrence of meningitis with sepsis.* Since then, 
the increased risk of infection and septicemia directly re- 
lated to splenectomy has been well defined in the litera- 
ture. Such infections are now generally termed over- 
whelming postsplenectomy infections (OPSI). Although 
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most infections occur within the first few years after sple- 
nectomy, the risk of OPSI is lifelong.? The highest inci- 
dence of OPSI is found in infancy and childhood. Patients 
who have undergone splenectomy for hematologic dis- 
eases, reticuloendothelial diseases, or portal hypertension 
have a higher incidence of OPSI than those undergoing 
splenectomy for trauma.*”’ 

Because the spleen is an important organ of the immune 
system, splenectomy has several effects on human 1m- 
mune functions. One of the surgical techniques employed 
to overcome these effects is the autotransplantation of 
splenic fragments. A crucial point in evaluating the effect 
of splenic autotransplantation is the use and development 
of adequate tests for those functional activities that cannot 
be taken over by other tissues of the lymphoid system. 

In this report, we will review the role of the human 
spleen in the immune system, as well as the effects of 
splenectomy, and techniques to prevent postsplenectomy 
problems. This is followed by a perspective view on func- 
tional testing of spleen autotransplantation now and in 
the future. 


The Spleen as a Part of the Immune System 


Because of the central position in the bloodstream and 
the large blood supply of about 5% of the blood volume 
per minute, the spleen represents an important meeting 
point between antigenic information transported by the 
blood and the immune system. It possesses a wide range - 
of the immune cell repertoire, and its specific architecture 
allows unique functions. Two major critical functions of 
the spleen can be recognized: it serves as a large phagocytic 
filter and it is a.major antibody-producing organ. 
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Phagocytosis of foreign particles can be promoted by 
interaction with opsonins, serum factors that enhance 
their uptake by specific phagocytosing cells. The spleen 
has a prominent role in the generation of opsonins.®? 
Splenic phagocytes, together with macrophages in the 
liver, synthesize the majority of components of the clas- 
sical pathway of complement.’ Generation of specific an- 
tibody is primarily dependent on the spleen. The role of 
the spleen in phagocytosis of foreign particles is particu- 
larly important for nonopsonized or badly opsonized par- 
ticles. Whereas the mononuclear phagocyte system (MPS) 
in the liver is the main site of phagocytosis of opsonized 
particles, the spleen is the major organ for the phagocytosis 
of nonopsonized particles. In experiments in rabbits, the 
phagocytosing capacity for nonopsonized particles ap- 
peared 60 times as effective in spleen as in liver when 
corrected for weight.” The unique microvasculature of the 
spleen supposedly contributes to the specialized function 
of the spleen in the phagocytosis of insufficient opsonized 
particles.!°'! The greatly retarded blood flow in the red 
pulp cords allows a very intimate and prolonged contact 
between antigens and phagocytes. Thus, particles can be 
ingested without specific ligand-receptor interactions. An 
important practical implication of this specialized phag- 
ocytosing capacity is that the spleen is the most important 
site of clearance in the early phase of bacterial invasion, 
before sufficient amounts of specific antibody have been 
produced. 

Another special feature of the spleen is the generation 
of tuftsin, a tetrapeptide reported to exert stimulatory ef- 
fects on activity and migration responses of phagocytic 
cells,*!? 

The spleen is the site of M immunoglobulin (IgM)- 
specific antibody generation very early after exposure to 
blood-borne antigen. The first contact of antigens entering 
the spleen through the blood and immunocompetent cells 
occurs in the marginal zone, a structure exclusively 
present in the spleen.'*-'® This marginal zone is unique 
in its microvasculature, enabling a very low blood flow, 
and in the presence of specialized macrophages/antigen- 
presenting cells and a subset of intermediate-sized B cells 
with a specific phenotype: IM+, IgD+, and strongly 
CD21+.'4-'® Although in other lymphoid tissues B cells 
with this phenotype can be found, the splenic marginal 
zone contains the largest accumulation of this type of B 
cells in the body. When the blood enters the marginal 
zone sinusoids, there is a considerable increase in diam- 
eter, with a subsequent decrease in blood flow. Similarly 
as in the red pulp, a sluggish flow results; this enables a 
close contact between antigens and phagocytes or lym- 
phoid cells, and between different cell subtypes involved 
in the immune response. !®!! 

Because the spleen is a major lymphoid organ, it also 
plays an important role in the primary and secondary 
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immune response. The spleen is specifically involved in 
the immune response to thymus-independent antigens 
type 2 (TI-2 antigens). These antigens, generally polysac- 
charides, are the antigenic component of the capsule of 
encapsulated bacteria as Streptococcus pneumoniae, Hae- 
mophilus influenzae, and Neisseria meningitides. The 
immune response to TI-2 antigens is characterized by the 
need of T-cell-produced factors, although it is indepen- 
dent of the actual presence of T cells.'’ After splenectomy, 
this response is significantly decreased or even absent. The 
initiation of the response to polysaccharide antigens (TI- 
2 antigens) takes place in the splenic marginal zone. In 
rodents, TI-2 antigens were found to localize specifically 
on antigen-presenting cells in the marginal zone (MZ),!® 
and the elimination of MZ cells abrogated the immune 
response to such antigens.!? As described above, marginal 
zone B cells have a distinct immunophenotype. Whether 
MZ B cells play a special role in the immune response to 
TI-2 antigens, over and above the general role of B cells 
in the humoral immune response, is yet unclear. 


Effects of Splenectomy 


Once the role of the spleen in host defense had been 
recognized, the immunologic consequences of splenec- 
tomy were given more attention. Postsplenectomy infec- 
tions are nearly always caused by encapsulated bacteria, 
such as 5. pneumoniae, H. influenzae, and N. meningi- 
tides. It appeared that, after splenectomy, there is a sig- 
nificant decrease in the primary immune response to bac- 
terial capsular polysaccharide antigens.*°”°?! These an- 
tigens belong to the group of TI-2 antigens, and other 
antigens of this type also give a similar decreased immune 
response after splenectomy.”*~”> Besides the impaired re- 
sponse to TI-2 antigens, a variety of other effects of sple- 
nectomy on the human and anima! immune system has 
been described,**!°7%’ summarized in Table 1. 


Precautions in Relation to Overwhelming 
Postsplenectomy Infections 


From the time the OPSIs were recognized to be related 
to splenectomy, it still took several years before attempts 
were made to diminish this risk of infection. One approach 
has been the introduction of spleen-saving techniques, 


TABLE 1. Effects of Splenectomy on the Immune System 


Reduced phagocytic activity, in particular with respect to 
nonopsonized particles 

Prolonged residence time of lymphocytes in the blood 

Decreased serum IgM 

Reduced alternative complement pathway activity 

Decreased tuftsin formation 

Increased autoantibody activity 

Diminished numbers of suppressor T cells 
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such as partial splenectomy, splenorrhaphy or autotrans- 
plantation of spleen tissue fragments in the abdomen.”*~° 
The latter technique was introduced based on the obser- 
vation of splenosis: the persisting presence of small parts 
of viable spleen tissue in the abdomen after splenectomy 
for trauma. As a consequence of this observation, exper- 
iments have been performed leaving spleen tissue delib- 
erately in the abdomen after splenectomy, mostly in an 
omentum pouch. 

The effects of partial splenectomy and splenorrhaphy 
have been demonstrated to be beneficial. Compared with 
nonsplenectomized controls, there was no decrease in im- 
munologic functions. Also, in long-term follow-up studies, 
no differences were found in incidence of infec- 
tions. 1,26,28,3t . 

In contrast, reports on the effects of autotransplantation 


of spleen fragments are controversial.” Although ben- 


eficial effects have been reported,?* 3”? several other stud- 


ies observed no significant differences compared with 
splenectomized patients without splenic regrowth.*+?’ 
Several factors may account for this. First, the total 
amount of blood that is filtered is low, despite an accept- 
able vascularization. Second, the microanatomy of the 
splenic fragments is probably not suited for the specific 
local low flow that is characteristic for the normal spleen 
and is essential for the close contact between antigen and 
phagocytes and immunoresponsive cells. Third, for testing 
of the immune function of the autotransplanted spléen 
fragments, two items have to be evaluated: phagocytosing 
capacity, with special attention to nonopsonizing or badly 
opsonizing antigens, and (humoral) immune response ca- 
pability, with particular attention to TI-2 polysaccharide 
antigens. With respect to these items, the presently used 
tests of the function of the autotransplanted spleen frag- 
ments may not be adequate for evaluation of the ability 
of the fragments to perform real “splenic” immune func- 
tions, as will be discussed later. 

Because Streptococcus pneumoniae is the most frequent 
cause of OPSI, vaccination with pneumococcal polysac- 
charide vaccine (Pneumovax; Merck Sharp & Dohme, 
West Point, PA) has been used, in combination with 
spleen-saving techniques. Pneumococcal polysaccharide 
(PPS) vaccine (Pneumovax) contains polysaccharide an- 
tigens of several (presently 23) strains of pneumococci. 
The reported results of this vaccination are variable.°.7°>5*! 
When it is possible to vaccinate before splenectomy (in 
case of elective splenectomy), an adequate antibody re- 
sponse is obtained. In case of vaccination after splenec- 
tomy (i.e., in most cases), good antibody responses have 
been reported. Despite this, several postvaccination cases 
of OPSI have been observed.***”*? This can be explained 
by the fact that generally only total antibody response to 
all pneumococcal subtypes is taken into account. In stud- 
ies reporting the response to different subtypes separately, 
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some of these subtype PPS appear to be particularly non- 
immunogenic after splenectomy or in early infancy 
and do not provoke an adequate antibody re- 
sponse. ?520,21,38-40,42-44 A possibility is also that the anti- 
bodies to PPS that are present are not capable of good 
opscnization (lack of certain factors, e.g., tuftsin). As the 
spleen is also the site for phagocytosis of poorly opsonized 
antigens, the absence of this organ may subsequently cause 
an increased risk of OPSI. 

How can the difference in postsplenectomy immune 
response to PPS subtypes be explained? The specific re- 
lationship between the immune response to TI-2 antigens 
and the presence of an intact spleen holds true for neutral, 
but not for charged, polysaccharides, as in particular neu- 
tral polysaccharides localize on MZ antigen-presenting 
cells and elicit an almost exclusively spleen-related im- 
mune response. !872-2443-47 For certain subtypes of PPS 
antigens, this relationship also has been demonstrated.”! 
It can be concluded that only a subset of (neutral) poly- 
saccharide antigens are in fact true TI-2 antigens. In future 
studies, it should be evaluated whether the poorly re- 
sponding vaccine subtypes consist of neutral polysaccha- 
rides, and the well-responding subtypes consist of “‘non- 
neutral” polysaccharides. The mechanism that results in 
the fact that neutral polysaccharides are presented by MZ. 
antigen-presenting cells only, is presently unknown. 
Humphrey~**> suggested that absence of charge together 
with imability to activate C3 spontaneously may be an 
essential property. 

Recently, vaccines have been developed of bacterial 
polysaccharide (Haemophilus influenzae) conjugated to 
protein vaccines as tetanus toxoid.**>? The response to 
these vaccines and the long-term effect in infancy is far 
better than that to polysaccharide vaccine alone. The 
findings suggest that when presplenectomy vaccination is 
not posible, unconjugated bacterial polysaccharide vac- 
cine is inadequate” and should be replaced by a protein- 
conjugated vaccine. Similarly, vaccination of infants 


younger than 2 years is probably only useful when a pro- 


tein—po_ysaccharide conjugate vaccine is used. 


Functional Testing of Spleen Transplants 


In testing of the immune function of the splenic frag- 
ments, most attention is given to phagocytic cells. Testing 
is mostly performed using irradiated erythroid cells, which 
are genezally well opsonized. This is not an adequate test 
for the presence and function of splenic phagocytes, which, 
in their microenvironment, are specifically characterized 
by their ebility to phagocytose poorly opsonized antigens. 
Moreover, there is not really a need for well-opsonized 
antigen-phagocytosing cells, because the mononuclear 
phagocyte system of the liver has by far enough capacity 
to take care of that function. A possibility to overcome 
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the problem of using well-opsonized particles is to use 
methods in which damaged erythroid cells are selectively 
coated with a very low concentration of immunoglobulin, 
causing “a low grade of opsonization,” which is too low 
for adequate phagocytosis by nonsplenic parts of the 
mononuclear phagocyte system.” 

Further, and probably more relevant, little attention is 
given to the immune response capabilities. Most problems 
after splenectomy are caused by encapsulated bacteria, 
which in healthy individuals elicit a response directed to 
capsular polysaccharide (TI-2) antigens. Tests of the im- 
mune response capacity employing T-cell-dependent 
(TD) antigens (as irradiated red cells) seem therefore less 
useful. The decrease in immune response in splenecto- 
mized patients with or without autotransplantation when 
using TD antigens is fully and simply explained by the 
decrease in volume and the lack of rapid vascular access 
of lymphoid tissue after splenectomy. Consequently, a 
difference between patients with and without autotrans- 
plantation cannot be expected when using such antigens. 

It should be realized that in case of TI-2 polysaccharide 
antigens, only the primary response is dependent on the 
spleen. Therefore, even when small amounts of auto- 
transplanted spleen tissue are present (which often is the 
case), with adequate response capacities to TI-2 antigens, 
specific antibodies will be formed. Because these will cause 
opsonization of the antigen (encapsulated bacteria), 
phagocytosing capacity of the splenic fragments will not 
play an important role, because the cells of the mono- 
nuclear phagocytosing system in the liver are perfectly 
capable of removing opsonized particles. In addition, be- 
cause the secondary response can be taken care of by other 
lymphoid organs, it should be possible to obtain normal 
levels of produced antibodies in case of rechallenge. This 
is of particular importance with respect to vaccination, 
which in such cases can be expected to be more successful. 

In conclusion, it 1s indicated to devise functional tests 
of autotransplanted spleen tissue, which include the use 
of not previously encountered, nonharmful TI-2 polysac- 
charide antigens, because the inability to mount a response 
against such antigens most probably is the crucial deficient 
function in postsplenectomy patients. 
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Updating the Management of Salvageable 


Splenic Injury 





CHARLES L. WITTE, M.D., MICHAEL J. ESSER, M.D., and WILLIAM D. RAPPAPORT, M.D. 


Because of the ready availability of autotransfusers and risk of 
transfusion-transmitted disease, the authors reexamined the 
management of splenic trauma. During the past 6 months, 20 
adult and pediatric patients were treated for blunt splenic trauma. 
Nine had “minor” lacerations and were successfully managed 
nonoperatively. Eleven had ongoing hemorrhage or associated 
visceral injury necessitating laparotomy. In two, coexistent in- 
juries were life threatening and total splenectomy was performed. 
The other nine had major splenic trauma that was either an 
isolated phenomenon or was associated with an injury not jeop- 
ardizing survival; eight spleens were salvaged. Mean intra-ab- 
dominal blood loss was ~~ 1250 mL and, using a “cell saver,” an 
average of ~790 mL was reinfused. Six received no other blood 
transfusion whereas three received 2250 mL homologous blood 
in addition to 4250 mL via the “cell-saver.” With hilar laceration, 
repair was facilitated by temporarily occluding the splenic pedicle 
atraumatically, and suturing torn polar branches via the lacer- 
ation site. In both children and adults with major splenic injury, 
the authors now recommend early laparotomy with reinfusion 
of autologous blood. The spleen or a large remnant can usually 
be salvaged, and homologous blood transfusion with its attendant 
complication can often be obviated altogether. 


VER THE PAST two decades, major shifts have 

taken place in the management of splenic 

trauma. Most children, for example, are now 
safely treated nonoperatively with the high expectation 
that intra-abdominal bleeding will abate spontaneously. ! 
In both adults and children, in situations where laparot- 
omy has proved necessary either because of ongoing hem- 
orrhage or risk of associated visceral injury, at least 50% 
of traumatized spleens can be salvaged by repair or partial 
splenectomy.”? Spleen-sparing either through careful ob- 
servation or operative repair avoids the small risk of sub- 
sequent overwhelming sepsis* and other sequelae, both 
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known and unknown, of removal of the spleen.” Con- 
versely, when the spleen is avulsed or shattered or other 
life-threatening injures jeopardize survival, total splenec- 
tomy is still appropriate.**’ 

Whereas this balanced approach has become well stan- 
dardized, there are two recent developments that prompt 
re-evaluation. First is the rising concern of transmitting 
viral hepatitis and human immunodeficiency virus infec- 
tion through blood transfusion. Second is the ready avail- 
ability of automated “cell savers” that have greatly sim- 
plified reinfusion of shed intra-abdominal blood at the 
time of laparotomy. These two developments, in addition 
to other technical refinements that increase the likelihood 
of operative preservation, have stimulated us to report 
our most recent experience with blunt splenic trauma. 


Clinical Studies 


From August 1, 1990 to January 31, 1991, 20 patients 
(10 male; 10 female) with blunt trauma and spleen injury 
were treated at the Level I Trauma Center at University 
Medical Center in Tucson, Arizona. Of these, four had 
“minor” isolated splenic lacerations based on benign 
clinical findings and abdominal computed tomographic 
images. These four patients were managed without op- 
eration or blood transfusion. Five patients had multiple 
other serious injuries (e.g., head trauma, fractured pelvis, 
ribs, extremities) necessitating packed red blood cell 
transfusions (average, 500 mL), but the spleen injury itself 
was also treated nonoperatively. Two patients had coex- 
istent life-threatening intra-abdominal injuries necessi- 
tating laparotomy, and total splenectomy was considered 
the safest course of action. The final nine patients (5 male; 
4 female) had “potentially salvageable splenic trauma re- 
quiring laparotomy,” that is, individuals with physical or 
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laboratory findings of ongoing intra-abdominal hemor- 
rhage but without other extra-abdominal or intra-abdom- 
inal injury precluding attempts at spleen preservation. In 
other words, these nine patients required laparotomy but 
either had an isolated spleen injury or other concomitant 
chest, head, extremity, or visceral injury not deemed of 
life-threatening proportions by the responsible surgeon. 
In each patient, an automated “cell-saver” (Haemonetics, 
Braintree, MA) was used at time of laparotomy, and the 
total volume of intra-abdominal blood reinfused in the 
nine patients was approximately 9000 mL (Table 1). One 
patient had concomitant cirrhosis of the liver (patient 5). 

In five of the nine patients, preoperative abdominal 
computed tomography (CT) demonstrated not only a lac- 
erated spleen but also considerable free blood both ad- 
jacent to the spleen and throughout the peritoneal cavity. 
The other four had physical findings of a rigid abdomen 
or evidence of ongoing hemorrhage (persistent hypoten- 
sion, tachycardia, or diagnostic peritoneal aspiration 
yielding gross blood). Each patient had major parenchy- 
mal lacerations and in four, the laceration extended into 
the hilum (i.e., grade III). In two, a partial splenectomy 
was done, leaving a sizable remnant based on the two 
highest short gastric vessels (i.e., the main splenic artery 
and vein were sacrificed); in three, splenic suturing was 
straightforward with omentum or Gelfoam (Upjohn, 
Kalamazoo, MI) inserted into the defect. In two others, 
however, splenorrhaphy was done by isolating the splenic 
pedicle, temporarily placing a lightweight vascular clamp 
on both the splenic artery and vein, and suturing the vessel 
“tear” via the laceration from within the spleen (Fig. 1). 
In two other patients, splenic repair was accomplished by 
circumferential coverage using an absorbable polyglycolic 
acid (Dexon; Kay Laboratories, Tulsa, OK) mesh, and 
one of these had delayed spleen necrosis necessitating later 
splenectomy (see below). In six patients, a postoperative 
scintiscan of the spleen or a splenic remnant also was 
carried out using autologous heat-damaged red blood cells, 
which provided both an image and quantification of 
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Fic. 1. Schematic diagram outlining a technique to manage splenic in- 
juries -n which lacerations extend into the hilum (inser). After the spleen 
is mobiLzed and the pedicle isolated, the splenic artery and vein are 
tempor=ily cross-clamped atraumatically. This maneuver renders the 
field biosdless and allows the torn polar branches to be sutured via the 
defect. 


“trapp ng” as an index of residual splenic function (Fig. 
2).? In brief, autologous patient red blood cells were ra- 
diolabeled with technetium (99m sodium pertechnetate) 
and subsequently heat damaged by incubating for 30 
minutes in a water bath preheated to 49.5 C. This tech- 
nique -eliably yielded more than 90% of incubated red 
blood sells labeled with radionuclide. After cooling, a 
sample was reinfused intravenously (5 mCi), and using a 
high-resolution collimator and gamma camera, scintiscans 
were done in the anterior and posterior projections. This 
method provided both a vivid biplanar image and quan- 


TABLE 1. Clinical Summary of Nine Patients With Splenic Trauma Manced by Operative Preservation and Autotransfusion 


Hematocrit (%) 


Age Injury Salvage Blood Loss Autoinfused Exogenous 
Patient Sex (yr) (grade)* Procedure (mL) Blood (mL) Blood (mL) ` Admission Discharge 
1 F 18 II Partial splenectomy > 1500 500 0 42.0 29.3 
2 M 16 II Repair >1500 1250 0 42.5 37.0 
3 F 38 HI Repair >2000 1250 0 41.1 28.3 
4 M 8 H Repair >1000 500 0 22.2 20.0 
5 M 35 H Repair >2000 1500 750 23.5 31.0 
6 M 19 iil Partial splenectomy > 1500 750 0 41.8 34.0 
7 F 35 Il Repair >2000 1500 500 18.5 28.0 
8 M 27 II Repair ft > 1000 1250 1000 32.2 25.74 
9 F 52 Il Repair >1000 500 0 38.3 35.0 


* Grade II, deep parenchymal laceration(s); Grade III, hilar lacera- 
tion(s). 


+ Sple n subsequently removed for infarction. 


+ Four days after operation. 
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FIG. 2. A 38-year-old woman with isolated splenic injury after a motor vehicle accident. (Left) Abdominal computed tomography shows a disrupted 
spleen with the fracture extending into the hilum (arrow) and surrounding hematoma. (Center) At operation, a deep hilar splenic fracture with 
contained hematoma was encountered with more than 2000 mL of free and clotted blood in the peritoneal cavity. Using a cell saver, ~ 1250 mL of 
the autogenous blood was reinfused. With the technique described in Fig. 1, the polar branches were repaired and the splenic defect closed over 
mobilized omentum. (Right) A heat-damaged autologous red blood cell scintiscan 10 days later showed two large fragments with a normal trapping 


erythrocyte index of 40.8%. 


tified blood-borne particle trapping, a key function of the 
spleen.’ In three of the patients after splenorrhaphy (Table 
1, patients 3, 4, 7), splenic red blood cell uptake was nor- 
mal (43% + 6%). Of the two patients with partial sple- 
nectomy, red cell uptake in one was 40.4% and in the 
other was 18.4%. The final patient with splenorrhaphy 
failed to show erythrocyte trapping, and subsequently an 
infarcted spleen was removed. 


Discussion 


The potential value of possessing a spleen and the fea- 
sibility of nonoperative management and repair if lapa- 
rotomy is indicated for splenic injury is now generally 
accepted.!®'' Nonetheless, a further reassessment is in or- 
der in view of the increasing risk of blood transfusion, 
ready availability of “‘red-cell savers” for reinfusion at time 
of laparotomy, and refined operative technique that makes 
spleen salvage increasingly likely except in avulsion or 
pulverizing injury.*'° Thus, children and even adults with 
isolated splenic injury are nowadays usually managed ex- 
pectantly, including the use of blood transfusion. '™'4 
Whereas a nonoperative approach is reasonable with he- 
modynamic stability, consideration of blood replacement 
should probably now dictate operative spleen salvage with 
reinfusion of shed intraperitoneal blood. The advantage 
to early operation is well demonstrated in six patients 
(Table 1, patients 1 through 4, 6, 9), in whom spleen spar- 
ing was accomplished without homologous blood re- 
placement despite a mean intra-abdominal blood loss of 
approximately 1500 mL by successful autoinfusion of an 
average of 790 mL. Thus, the spleen or a large remnant 
was preserved, nonautologous blood transfusion was 
avoided, and prolonged ‘“‘anxiety” regarding patient he- 


modynamic stability including the need for “round-the- 
clock” blood counts and critical-care monitoring was ob- 
viated. These principles apply to all nine patients, al- 
though, as shown in Table 1, in three (patients 5, 7, 8), 
besides 4250 mL autoinfused blood, another 2250 mL 
exogenous blood had to be administered. 

Besides the distinct advantage of reducing or eliminat- 
ing homologous blood transfusion, use of the “cell-saver” 
was also cost effective. We estimated that processing and 
administering just three units of homologous blood ap- 
proximated the cost of “‘cell-saver” use for 4 hours, in- 
cluding the technician’s services. Although the exact risk 
of transfusion-transmitted disease such as acquired im- 
mune deficiency syndrome (AIDS) and viral hepatitis is 
unknown, its incidence has been estimated as up to 7% 
per unit transfused.'? Use of the ‘‘cell-saver,” therefore, 
allowed spleen salvage to proceed safely and cost effec- 
tively, while sharply reducing the risk of transfusion-re- 
lated complications. 

In two patients with operative splenic repair and au- 
totransfusion, the blood hematocrit rose to near-normal 
levels immediately after operation, only to decline sharply 
over the next 4 to 5 days. This hematocrit drop probably 
reflected membrane damage to the red blood cells trau- 
matized from suction and rewashing, rendering them vul- 
nerable to premature clearance by the salvaged spleen. 
Despite this occurrence, however, no further blood trans- 
fusions were required, and the autoinfused blood in con- 
junction with volume replacement by crystalloid solution 
was sufficient for hemodynamic stabilization during op- 
erative repair of the splenic injury. 

The key to splenic repair or partial resection is, as others 
have suggested,'® mobilization of the injured spleen by 
take-down of its ligamentous and short gastric attach- 
ments, as in preparation for total splenectomy. This ma- 
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neuver has made repair of most major splenic injuries 
feasible with a variety of topical hemostatic agents, suture 
ligatures, and mesh techniques used for effective hemo- 
stasis.>'™!! Contrary to a recent review,'! even patients 
with coexistent hepatic cirrhosis, as shown by patient 5, 
can be managed by splenorrhaphy. Lacerations that ex- 
tend into the splenic hilum are more difficult, but with 
mobilization of the spleen, isolation of the splenic pedicle, 
and temporary arrest of afferent blood flow with a light- 
weight vascular clamp, the injury site can temporarily be 
rendered bloodless. After evacuation of intrasplenic he- 
matoma by thorough irrigation with saline of the lacer- 
ation defect, the hilum can be readily inspected and 
bleeding controlled by suturing from within the splenic 
parenchyma (Fig. 1). This technical approach is analogous 
to that described for retrohepatic injuries of the liver, 
where after cross-clamping the hepatoduodenal ligament 
(i.e., portal vein and hepatic artery), the site of liver dis- 
ruption is directly entered and torn hepatic venules su- 
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tured or “clipped” from within the hepatic parenchyma.'’ 
Where the splenic hilum is irreparably damaged, a sizable 
remnant often can still be retained (patients 1, 6).? “Trap- 
ping” by the remnant, moreover, can subsequently be 
examined by use of an autologous heat-damaged red cell 
scintiscan (Fig. 2), which provides a rough quantitative 
index of residual splenic function.’ In four of the six pa- 
tients examined postoperatively, residual spleen function 
was normal after repair or partial splenic resection. In 
another patient, trapping function was only '/; normal 
after partial splenectomy, but this residual spleen mass 
should suffice for protection against overwhelming sep- 
sis.'* In the final patient, failure to visualize the spleen 
corroborated necrosis and prompted early operation with 
removal of an “‘abscessed”’ spleen. 

Although this report represents a small series, it is note- 
worthy that of the 20 consecutive patients injured in this 
6-month period, only three required total splenectomy, 
two because of other life-jeopardizing injuries, and one 
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FIG. 3. Updated management plan for splenic trauma. With isolated splenic injury and hemodynamic stability, nonoperative management is appropriate. 
However, a large amount of free intraperitoneal blood, as seen on abdominal computed tomography, with a sharp drop in blood hematocrit and 
consideration for exogenous blood transfusion, or hemodynamic instability or concern over concomitant intraabdominal (I-Abd) visceral injury 
dictates prompt operation. Where the spleen is salvageable (i.e., nonpulverized or no other contraindication to preservation), repair or partial resection 
is done in conjunction with a cell saver for reinfusion of autogenous shed blood. This approach saves the spleen or a sizable remnant and avoids 
homologous blood replacement with its risks of transmitting hepatitis or human immunodeficiency virus. Where spleen salvage is contraindicated 
(shattered spleen or other life-threatening injuries), total splenectomy is still warranted. Here, too, the cell saver reduces the need for homologous 
blood transfusion, although in certain injuries (e.g., colon disruption) autoinfusion of massively contaminated blood is probably unwise. Spx, splenectomy. 
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as a complication of mesh encasement. In nine patients, 
the splenic injury was managed nonoperatively, and in 
eight, repair or partial splenectomy proved feasible for an 
operative salvage rate of 73% and an overall spleen salvage 
rate of 85%! 

Based on this experience, we suggest updating the al- 
gorithm for management of splenic injuries (Fig. 3). Shat- 
tered spleens or concomitant life-threatening injuries still 
mandate total splenectomy. The availability of an auto- 
mated cell salvage device with the capability of reinfusing 
large amounts of autologous blood at the time of lapa- 
rotomy, thereby averting or sharply reducing the need for 
exogenous blood replacement, however, should signifi- 
cantly lower the threshold for early operation. In children, 
expectant therapy is still appropriate for splenic injuries 
unless other serious intra-abdominal trauma is suspected 
or bleeding continues. But if the need develops for blood 
transfusion, we now advocate operative spleen repair and 
autotransfusion of shed intra-abdominal blood using a 
“cell-saver’” without other blood replacement. Similarly, 
in adults, unless splenic injury is a minor isolated phe- 
nomenon, we suggest early operation, spleen salvage, and 
reinfusion of shed autologous blood. This simplified ap- 
proach avoids in both children and adults the danger of 
missing coexistent visceral injuries, largely circumvents 
the need for homologous blood replacement, obviates 
“round-the-clock” monitoring, and drastically reduces the 
cost of ancillary laboratory tests including serial blood 
counts and repeated abdominal CT scans. By saving the 
spleen (or a large remnant) and replacing circulating vol- 
ume with autologous blood, management becomes op- 
timal. Although one notable complication with eventual 
spleen loss occurred (patient 8) where a Dexon mesh 
wraparound was probably sutured too tightly, this mod- 
ified approach to management of the injured spleen should 
not be associated with more short-term sequelae than total 
splenectomy or prolonged “watchful waiting” with ho- 
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mologous blood transfusion. Moreover, by minimizing 
the risk of blood-transmitted diseases such as viral hepatitis 
and AIDS, long-term complications should be reduced. 
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Laser Doppler Flowmetry in Evaluation of | 
Cutaneous Wound Blood Flow Using 
Various Suturing Techniques _ 





G. C. ZOGRAFOS, K. MARTIS, and D. L. MORRIS 


Measurements of blood flow on either sides of abdominal inci- 
sions and of uninjured control skin in 63 patients with three 
kinds of suturing techniques (clips in 21 patients, mattress in 21 
patients, and subcuticular suture in 21 patients) on the ist and 
5th postoperative day were made, using an infrared laser Doppler 
flowmeter. There was a significantly higher flow on the Ist versus 
the Sth postoperative day. There is statistically higher blood 
flow in wounds sutured with subcuticular sutures in comparison 


with the two other groups. The method may allow the relationship | 


of blood flow to wound healing to be evaluated. 


HERE HAS ALWAYS been a need to evaluate the 
blood flow to skin wounds in abdominal surgery, 
because it is well known that one of the main 
factors that may influence wound healing is the blood 
supply to the wound. An accurate measurement of this 


variable would aid immensely in the choice and evaluation - 


of different suturing techniques or various kinds of sutures. 
There have been many clinical and experimental studies 
on the effect of the choice of suture material on wound 
healing, in which no real differences were found.! 
Other studies have implicated several patient-related 


factors (e.g., advanced age, male sex, obesity, jaundice, 


diabetes, malnutrition, renal failure, malignant disease, 

corticosteroids) that allegedly increase the incidence of 

wound dehiscence.?° l | 
Except for improved nutritional status, these systemic 


© factors cannot be altered by the surgeon, and their influ- 


ence in wound healing seems unpredictable.’ 

Conversely, very little attention has been given to suture 
techniques in abdominal closure, which are factors that 
can be manipulated by the surgeon and may be of greater 
importance than patient-related factors. 

In this clinical prospective study, we used a laser Dopp- 
ler flowmeter (TSI Medical Instruments Group, St. Paul, 
MN) connected to a thermistor to evaluate blood flow on 
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abdomiral wounds closed with commonly used tech- 
niques of suturing: clips, mattress, and subcuticular su- 
tures. i 
We used this atraumatic and well tolerated by the pa- 
tient method to, take measurements of blood flow on the 
Ist and 5th postoperative days, to assess any blood flow 
changes at the early stages of wound healing. 


Instrumentation 


The laser Doppler flowmeter (LDF) noninvasively 
measures capillary blood perfusion parameters, such as 
blood flow, velocity, and volume, in real time. 

To mzasure these parameters, the probe head of the 
fiberoptic cable directs laser light (of a wavelength of 780 
nm) into the tissue to a maximum depth of 1.5 mm, il- 
luminating a volume of ! mm?, which contains both red 
blood cells and stationary tissue cells. Laser light is ran- 
domly scattered by both cell types. Photons scattered by 
moving cells are Doppler-shifted, and finally a portion of 
the scattered light is collected by multiple return fibers in 
the cabl2, which are coupled to a photodetector. There 
the light is converted into electronic signals to produce 
outputs directly proportional to blood flow. 

A thermostatically controlled heated probe-holder 
(thermistor) that is connected to the LDF raises the tissue 
temperature to 45 C. Raising the temperature above nor- 
mal eliminates changes due to environmental factors, and 
raising the local blood flow to near its theoretical maxi- 
mum (through local vasodilatation) increases the sensi- 
tivity of this system. 


Materials and Methods 


We evaluated cutaneous blood flow in 63 consecutive | 
patients (32 men and 31 women) ranging in age from 28 
to 82 years, a median of 56 years, who had undergone 
abdominal surgery through three kinds of routine incisions 
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(Kocher, right paramedian, and midline). Our material 
was divided into three groups of 21 patients, each ac- 
cording to the suturing technique used for abdominal clo- 
‘gure: metallic clips (first group), mattress stitches (second 
group), and subcuticular suture (third group). On the first 
seven patients, for each kind of incision we used clips; on 
the following seven, we used mattress; and in the remain- 
ing seven, we used subcuticular suture. The particular 
suturing technique was selected on the basis of preference 
by the operating surgeon. The first seven patients for each 
incision and suturing technique were subjected to the cu- 
taneous blood flow study. Because we were dealing with 
three different incisions and three different suturing tech- 
niques, this resulted in nine subgroups of seven patients 
each. | 

The median age for the three groups were 56 (range, 
28 to 76) years in the first group, 59 (32 to 82) in the 
second group, and 54 (30 to 78) in the third. 

All patients were operated on by the same surgical team, 
which followed the same technique as far as it concerns 
the skin closure. (The tension that was applied allowed 
for the skin edges to appose without tension, as far as it 
concerned the mattress technique). 

The skin thermistor is circular in shape, with a radius 
of 0.6 cm. It carried the probe head of the fiberoptic cable 
exactly in its geometric center, so that the thermistor edge 
was applied right by the suture line, and the fiberoptic 
head of the LDF was taking measurements in a distance 
of 0.6 cm from the surgical incision. 

The distance between the two consecutive stitches or 
clips, in which the measurements were done, was | cm. 

Measurements on either sides of the wound edges and 
on the contralateral uninjured skin were done on the 1st 
and 5th postoperative days. 

Blood pressure was taken before the onset of each mea- 
surement. None of the patients had pyrexia, and all of 
them were under antibiotics and prophylactic heparin ad- 
ministration (This is the policy of the clinic.). 

The skin probe temperature throughout the procedure 
was 45 C, and the mean air temperature was 25 C. 

The data were finally analyzed by the BBC Master mi- 
crocomputer, which is connected to the LDF and ap- 
peared to the screen as a curve. 


Results 


The patients’ data are summarized in Tables 1 and 2. 
We calculated the median values (and ranges) for all mea- 


TABLE 1. Median Blood Flow 


Clips Mattress Subcuticular 
Wound edges 3.1 (0.41-23.4) 3.7 (0.45-25.1}) 6.2 (1.56-29.45) 
Uninjured skin 5.4 (0.43-28) 5.2 (0.51-19.3) 5.6 (0.8-22.8) 


First day after operation (mL/100 g/min). 
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TABLE 2. Median Blood Flow 


Clips Mattress Subcuticular 
Wound edges 1.8 (0.9~10.5) 1.5 (0.3-19) 4.3 (1.0-30.5) 
Uninjured skin 2.2 (0.27~24.4) 2.01 (0.22-27) 2.5 (0,224.9) 


Fifth day after operation (mL/100 g/min). 


surements in each group and compared them with the 
corresponding median blood flow on the ist versus the 
5th postoperative day (p = 0.048), which may indicate a 
generalized vasodilation in the first day after operation. 

There is also statistically higher flow in patients with 
subcuticular suture when compared with patients with 
clips and mattress in both the Ist and Sth postoperative 
days. 

There are no statistically significant differences between 
the two other groups. — 


Discussion 

For the three stages of wound healing—inflammation, 
proliferation, and maturation—to proceed normally, 
many factors such as energy expenditure, proper fluid and 
electrolyte balance, oxygenation, circulation, freedom 
from infection, and skilled surgical technique are required. 

Inflammation, the first phase, is initiated at the time 
of injury and continues for 4 days. Hemostasis, phago- 
cytosis, and cell migration occur in this phase. Prolifer- 
ation, the second phase, is established by the 4th or 5th 
day after wounding and continues for 2 weeks. Activities 
in this phase include the proliferation of epithelial cells 
and fibroblasts, collagen synthesis, and an increased tensile 
strength of the uninjured tissues. 

The third phase, maturation, begins in the second and 
third week after injury and may continue as long as 2 
years. +’ 

We took measurements of blood flow on abdominal 
wounds on the Ist and 5th postoperative days, so that we 
could evaluate any flow changes during the first two phases 
of the healing process. 

The method that we present, laser Doppler flowmetry, 
has been widely used for measuring blood flow in various 


- organs!° and, compared with various other techniques 


such as fluorescein test,!! xenon washout technique,'* 
Doppler ankle pressure,'* electromagnetic blood flow, 
and venous occlusion plethysmography,'* it has usually 
correlated well with them. 

Furthermore, the method is relatively simple, rapid, 
requires a minimum of experience, is accurate, repro- 
ducible, noninvasive, well tolerated by the patient, and 
provides a continuous superficial measurement with a 
high-frequency response and relatively fine spatial reso- 
lution." 

The ability of laser Doppler flowmeter to analyze a very 
limited tissue volume has in experiments proven to be of 
great value in predicting successful healing of ulcerations 
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and amputations of the ischemic forefoot. Other skin 
blood flow monitoring techniques have also clinically been 
used, such as Xe-133 isotope clearance technique in pa- 
tients with peripheral vascular disease and with arterial 
insufficiency,’®'’ venous occlusion plethysmography in 
diabetes with neuropathic ulcerations,® Tc-33m washout 
technique in ischemic lesions of the lower limbs,* and 
distal ankle pressure in predicting healing of amputa- 
tions.’ 

Revascularization is fundamental to the normal process 
of wound healing, and the rapidity of its onset and com- 
pletion may be an index of the success of repair. 

The effect of angiogenesis in wound healing may be 
the result of macrophages responding to tissue oxygen 
tension. An angiogenesis factor isolated from wound fluid 
stimulates the movement of capillary endothelial cells. It 
has been experimentally proven that an active angioge- 
nesis factor is secreted by macrophages when they are 
found in the center of a wound, but when cultured under 
increasingly hypoxic conditions the macrophages begin 
to detach.!®:!? 

Our measurements of blood flow on patients with three 
different techniques of abdominal closure show signifi- 
cantly higher blood flow values in wounds closed with 
subcuticular sutures. Although care was taken for the clips 
and mattress technique not to be tightly sutured, they 
constitute more massive techniques of skin closure when 
compared with a meticulously performed subcuticular 
suture. It seems that the more massive a closure technique 
is, the more it would cause ischemia of the tissues em- 
braced by the sutures; as has been experimentally shown, 
1 week after massive closure wounds exhibit a central 
zone of ischemia that resolves within 3 to 4 weeks with 
complete restoration of vascular anatomy.” 

As far as the generalized vasodilatation measured on 
the Ist day, it is well known that the immediate response 
to wounding is vascular: there is a brief period of vaso- 
constriction affecting the vessels in the wound edges fol- 
lowed by vasodilatation and associated with the vasodi- 
latation changes in capillary blood flow. 

In conclusion, there is a statistically higher blood flow 


in wounds sutured with subcuticular technique in com- . 


parison with the two other groups. 

Our findings suggest that the wound healing process 
might be more quickly initiated in this group of patients. 
Closing abdominal wounds with subcuticular suture may 
be a superior method of closure in clean incised wounds. 

Our measurements with the LDF give valuable, com- 
parative information on wound blood flow. One must 
constantly keep in mind that the healing process is reg- 
ulated by multiple factors, and therefore the results could 
be unpredictable. 
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The method may allow evaluation of radiation therapy 
and chemotherapy or of the vasoactive agents on cuta- 
neous wound blood flow, and should allow the relation- 
ship of blood flow to wound healing to be carefully studied. 


References 


1. Poole GV, Merendith JW, Kon ND, et al. Suture technique and 
wound bursting strength. Am Surg 1984; 50:569-572. 

2. Andreassen TT, Oxclund H. The influence of experimental diabetes 
and insulin treatment on the biomechanical properties of rat skin 
incisional wounds. Acta Chir Scand 1987; 153:405-—409. 

3. Duncan HJ, Farts IB. Skin vascular resistance and skin perfusion 
pressure as predictors of healing of ischemic lesion of the lower 
limb: influences of diabetes mellitus, hypertension and age. Sur- 
gery 1986; 99:432-438. 

4. Irvin TT. Wound Healing. Principles and Practice. London: Chap- 
man and Hall, 1981, pp 34-63. 

5. Irwin ST, Gilmore J, McGrann S, et al. Blood flow in diabetics with 
foot lesions due to “small vessel disease.” Br J Surg 1988; 75: 
1201-1206. 

6. Taube M, Ellis H. Mass closure of abdominal wounds following 
major laparotomy in jaundiced patients. Ann R Coll Surg Engl 
1987; 69:276-279. 

7. Windsor JA, Knight ES, Hill GL. Wound healing response in surgical 
patients: recent food intake is more important than nutritional 
status. Br J Surg 1988; 75:135~137. 

8. Young ME. Malnutrition and wound healing. Heart Lung 1988; 
17:60-67. 

9. Peacock EE, VanWinkle W Jr. Wound Repair, 2nd Edition: Phi- 
adelphia: WB Saunders, 1976, pp 466-469. 

10. Kiel FW, Riedel GL, DiResta GR, et al. Gastric mucosal blood flow 
measured by Laser Doppler velocimetry. Am J Physiol 1985; 
249:G3539-G3545. 

11. Heden P, Jurell G, Arnander C. Prediction of skin flap necrosis: a 
comparative study between Laser Doppler Flowmetry and fluo- 
roscein test in a rat model. Ann Plast Surg 1986; 17(6):485-488. 

12. Stern MD, Lappe DL, Bowen PD, et al. Continuous measurement 
of tissue blood flow by Laser-Doppler spectroscopy. Am J Physiol 
1977; 232:H441-H448. 

13. Karanfilian RG, Lynch TG, Zirul VT, et al. The value of Laser 
Doppler velocimetry and transcutaneous oxygen tension detez- 
mination in predicting healing of ischaemic forefoot ulcerations 
and amputations in diabetic and non-diabetic patients. J Vasc 
Surg 1986; 4:511-516. 

14. Johnson JM, Taylor WF, Shepherd Ap, Park MK. Laser Doppler 
measurement of skin blood flow: comparison with plethysmog- 
raphy. J Appl Physiol 1984; 56:798-803. 

15. Zografos GC, Iftikhar S, Harrison J, Morris DL. Evaluation of blood 
flow and velocity in human rectal tumours using a Laser Doppler 
Flowmeter. Eur J Surg Oncol 1990; 16(6):497-499. 

16. Holloway GA, Burgess EM. Cutaneous blood flow and its relation 
to healing of below knee amputations. Surg Gynecol Obstet 1973; 
145:750-756. 

17. Holstein P. The distal blood pressure predicts healing of amputations 
of the feet. Acta Orthop Scand 1984; 55:227--233. 

18. Banda MJ, Dwyer KS, Beckmann A. Wound fluid angiogenesis factor 
stimulates the directed migration of capillary endothelial cells. J 
Cell Biochem 1985; 29:183-193. 

19. Knighton DR, Hunt TK, Scheuenstuhl H, et al. Oxygen tension 
regulates the expression of angiogenesis factor by macrophages. 
Science 1983; 221:1283-1285. 

20. Leaper DJ. Angiography as an index of healing in experimental 
laparotomy wounds and colonic anastomoses. Ann R Coll Surg 
Erg! 1983; 65:20-23. 





Comparison of Amputation With Limb-sparing 
Operations for Adult Soft Tissue Sarcoma 


of the Extremity 





WILLIAM C. WILLIARD, M.D.,* STEVEN I. HAJDU, M.D.,f EPHRAIM S. CASPER, M.D., 


The use of amputation in extremity soft tissue sarcoma has been 
decreasing at Memorial Sloan-Kettering Cancer Center 
(MSKCC) over the last 15 years. In an attempt to define the 
efficacy and future role of amputation in extremity soft tissue 
sarcoma, a prospective sarcoma database compiled at MSKCC 
from July 1982 to January 1990, consisting of 649 patients, was 
analyzed in a retrospective fashion. Ninety-two patients under- 
went amputation, and 557 had a limb-sparing procedure. Patients 
selected for amputation were those who had large (T = 5 cm) 
high-grade tumors that invaded major vascular or nervous struc- 
tures. The amputation group achieved significantly better local 
control than the limb-sparing group (p = 0.007). No survival 
benefit could be demonstrated, however, in the groups selected 
for amputation (i.e., large, high-grade tumors) when compared 
with patients undergoing a limb-sparing procedure with similar 
tumors. Prevention of local recurrence by amputation also did 
not improve survival in this group compared with similar patients 
undergoing limb-sparing surgery who did develop a local recur- 
rence. The group of patients with high-grade tumors 10 cm or 
larger who received chemotherapy did have a significant im- 
provement in survival (p = 0.01) compared with a similar group 
of patients who did not receive chemotherapy, regardless of the 
type of operation. The prognosis of patients most likely to un- 
dergo an amputation for extremity soft tissue sarcoma (those 
with high-grade, large tumors) is not related to their local disease, 
but rather to the risk of distant metastases. Therefore, ampu- 
‘tation in this cohort of patients can be recommended only when 
a limb-sparing procedure cannot achieve gross resection of tumor 
while still preserving a useful extremity, because amputation 
improves only local control and does not address distant disease. 
Further improvement in survival in this group of patients will 
be dependent on better systemic treatment for extremity soft 
tissue sarcoma, and not on more radical surgery. 


ARIOUS AUTHORS HAVE determined the prog- 
nostic factors for survival in extremity soft tissue 
sarcoma. These factors include grade, size, 
depth, histology, distant metastases, lymph node metas- 
tases, and recurrence.'~’ Decisions regarding surgical 
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treatment as well as adjuvant radiation and chemotherapy 
have been based on these prognostic indicators.*"'* Despite 
better definition of risk factors in this disease, however, 
tailoring of treatment to the individual patient based on 
these factors has been less well defined.!*!° Surgical ther- 
apy for extremity soft tissue sarcoma at MSKCC has un- 
dergone a change in the last 15 to 20 years, with fewer 
amputations being performed in deference to limb-sparing 
procedures. From 1968 to 1978, 131 of 408 patients (32%) 
with extremity soft tissue sarcoma underwent amputation 
at Memorial Sloan-Kettering Cancer Center (MSKCC), 
compared with only 92 of 649 patients (14%) in 1982 to 
1990 (p = 0.05).!°"" This decrease in the incidence of 
amputations is most likely due to an improvement in 
local control secondary to external beam radiation ther- 
apy,!®!? brachytherapy,®! 11420-22 and doxorubicin-based 
(Adnamycin; Adria, Columbus, OH) chemotherapy reg- 
imens,™???4 as well as a lack of evidence that amputation 
improved survival over limb-sparing procedures in pa- 
tients considered for amputation.!!”> As this evolution 
has taken place, however, the question of the efficacy and 
most appropriate role for amputation in extremity soft 
tissue sarcomas has remained unanswered.®”© We have 
attempted to answer these questions with this analysis. 


Materials and Methods 


A prospective sarcoma database established at MSKCC 
in July 1982 was analyzed in a retrospective fashion for 
the period of July 1982 to January 1990, with chart review, 
mailed questionnaire, or telephone contact used to update 
collected data. Type of therapy for each patient was de- 
termined by the individual surgeon based on alternatives 
and probability of local control and survival. Patients 
treated with chemotherapy received an Adriamycin-based 
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regimen. Radiation therapy was delivered both by external 
beam and brachytherapy, as per the protocol established 
at MSKCC.®!0-!420.22 AJl patient tissue biopsies and tumor 
resections have been reviewed by a single pathologist. The 
database was analyzed with regard to which patients were 
most likely to be selected for amputation, and the results 
of this therapy were compared with those of limb-sparing 
surgery. As groups were identified as those most likely to 
undergo an amputation, further stratification and analysis 
specific for these groups was performed. Kaplan-Meier 
survival curves were generated, and the data were analyzed 
by log-rank analysis, chi square, and Fischer’s exact test. 
Statistical significance was defined as p < 0.05. 


Results 


From July 1, 1982 to December 31, 1989, 649 patients 
with extremity soft tissue sarcoma underwent an operative 
procedure. For purpose of analysis, the patients were di- 
vided into two groups, those undergoing an amputation 
(n = 92) and those with a limb-sparing procedure (n 
= 557). Amputation was required as a salvage procedure 
in 18 of the 92 patients undergoing amputation during 
this period. Two of these eighteen patients undergoing 
amputation after limb-sparing surgery presented with local 
recurrence and metastatic disease simultaneously, whereas 
14 of the 74 patients undergoing amputation for their 
primary tumor had metastatic disease at their presenta- 
tion. Median follow-up for all patients was 22.7 months. 

As shown in Table 1, age and sex were similar in the 
two groups. There were, however, significant differences 
among the groups with regard to grade, size of tumor, 
invasion of major nervous or vascular structure, and se- 
lection for chemotherapy. There were significantly more 
patients proportionally in the amputation group with high- 
grade tumors, tumors 5 cm or larger, or 10 cm or larger 
tumors invading a major nervous or vascular structure, 
and tumors requiring chemotherapy. Histologic differ- 
ences were limited to significantly more patients with sy- 
novial sarcomas and chondrosarcomas in the amputation 
group and liposarcomas in the limb-sparing group. Be- 
cause synovial sarcomas are usually located in joints and 
tend to invade bone, this may account for the increased 
incidence of these tumors in the amputation group. (In 
our series, 25 of 31 patients with synovial sarcomas that 
underwent amputation had their tumor located either in 
the foot or a joint.) Table 1 also points out the differences 
between the two groups with regard to site of tumors. 
Significantly more patients with tumors of the upper arm 
and thigh underwent limb-sparing procedures, whereas 
patients with tumors of the lower leg and foot were more 
likely to be treated with an amputation. Table 1 also dem- 
onstrates the number of each type of amputation per- 
formed over this period. Because patients with high-grade, 
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TABLE |. Demographic Data for Patienis Undergoing an Operation for 
Extremity Soft Tissue Sarcoma at MSKCC from 1982~1990 


Age 
Range 
Mean 
Sex 
M 
F 
Size (cm) 
Range 
Mean 
Median 
Tumor > 5 cm 
Tumor = 10 cm 
Grade 
High 
Low 
Major nerve/vessel 
invasion 
Chemotherapy 
Histology 
Synovial sarcoma 
Liposarcoma 
Leiomyosarcoma 
MFH 
Fibrosarcoma 
Chondrosarcoma 
MPNT 
Rhabdomyosarcoma 
Site 
Shoulder/axilla 
Upper arm 
Elbow 
Forearm 
Wrist 
Hand 
Finger 
Buttock 
Groin 
Thigh 
Knee 
Lower leg 
Foot 
Ankle 
Toe 
Extent of amputation 
Hemipelvectomy 
Hip disarticulation 
Above knee 
Below knee 
Shoulder 
disarticulation 
Forequarter 
Above elbow 
Digit 


Amputation 


(n = 92) 


17-88 
45 


48 (52%) 
44 (48%) 


1-36 
10.6 
9 
66 (79%) 
44 (53%) 


79 (86%) 
13 (14%) 


10 (11%) 
42 (46%) 


31 (34%) 
6 (7%) 
6 (7%) 

11 (13%) 
5 (5.4%) 
6 (7%) 

8 (10%) 
1 (1%) 


4 (4.3%) 
3 (3%) 
4 (4.3%) 
5 (5.4%) 
0 (0%) 
3 (3%) 
1 (1%) 

1 (1%) 
2 (2%) 
23 (25%) 
6 (7%) 
14 (15%) 
15 (16%) 
1 (1%) 
3 (3%) 


24 (26%) 
6 (7%) 
23 (25%) 
13 (15%) 


1 (1%) 
9 (10%) 
8 (9%) 
8 (9%) 


Limb Sparing 


(n = 557) 


17-92 
52 


290 (52%) 
267 (48%) 


0.5-40 
8.7 
5 
307 (67%) 
167 (36%) 


353 (64%) 
201 (36%) 


12 (2%) 
141 (25%) 


54 (10%) 
191 (34%) 
Al (7%) 
127 (23%) 
55 (10%) 
11 (2%) 


~ 30 (5%) 


16 (3%) 


62 (11%) 
46 (8%) 
10 (2%) 
36 (6%) 

1 (0.2%) 

9 (1%) 

1 (0.2%) 
27 (5%) 
29 (5%) 

245 (44%) 
23 (4%) 
47 (8%) 
18 (3%) 

2 (0.3%) 

1 (0.2%) 


0.04 
0.007 


0.00005 
0.000003 
0.0001 


0.000003 
0.000004 


0.06 


MFH, malignant fibrous histiocytoma; MPNT, malignant peripheral 


nerve tumor. 


large tumors were most likely to receive amputations, 
these groups were further analyzed to determine if these 
patients benefited from amputation. 

Survival curves for patients with tumors of at least 5 
cm or at least 10 cm were generated (Figs. 1 and 2) to 
determine if patients with large tumors received a survival 
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p " 0.0008 
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Fic, 1. Kaplan-Meier survival curves for patients who have tumors 5 
cm or larger and who undergo limb-sparing surgery (LSS) versus am- 
putation. 


benefit from their amputation compared with patients 
with similar-sized tumors undergoing limb-sparing sur- 
gery. From Figures | and 2, it is clear that amputation 
for large tumors did not improve survival. In fact, survival 
was significantly worse in the group of patients who un- 
derwent amputation for tumors 5 cm or larger or 10 cm 
or larger. | 

To explain this survival difference, this cohort of pa- 
tients (T = 5 cm or T > 10 cm) was analyzed for grade 
of tumor. As shown in Table 2, patients with large tumors 
requiring an amputation had proportionally more high- 
grade lesions compared with patients undergoing limb- 
sparing procedures with large tumors (p < 0.02). This 
significant difference in grade among these two groups 
accounts for the significantly worse survival in the patients 
undergoing an amputation for tumors 5 cm or larger or 
10 cm or larger. 

The next factor that was significantly more predomi- 
nant in the amputation group was high-grade lesions. 
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Fic. 2. Kaplan—Meier survival curves for patients who have tumors 10 
cm or larger and who undergo limb-sparing surgery (LSS) versus am- 
putation. 
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TABLE 2. Number of Large Tumors (=5 cm or =10 cm) 


That are Also High Grade 
Amputation Limb Sparing 
(n = 92) (n = 557) p 
Tumor = 5 cm, 
high grade 55/66 (83%) 208/307 (68%) 0.01 
Tumor = 10 cm, 
high grade 33/37 (89%) 61/86 (70%) 0.02 


Survival curves again were generated for patients under- 
going amputation versus limb-sparing surgery for high- 
grade lesions, and as can be seen in Figure 3, amputation 
did not improve survival. Survival was actually signifi- 
cantly better (p = 0.001) in the limb-sparing group com- 
pared with patients having an amputation. 

This survival difference again can be accounted for by 
a difference in the two groups. There were significantly 
more tumors 10 cm or larger in the group with high-grade 
lesions requiring amputation (86%) compared with 
the limb-sparing group with high-grade lesions (64%), 
p = 0.00005. 

To control for these differences between the two groups, 
the survival in patients with high-grade, large tumors un- 
dergoing amputation was compared with survival from 
limb-sparing surgery for similar lesions (Figs. 4 and 5). 
As before, there was no survival benefit for patients un- 
dergoing amputation for high-grade, large tumors. 

The effect of amputation on survival in patients with 
low-grade, large lesions compared with limb-sparing sur- 
gery is shown in Figure 6. Again there is no survival ad- 
vantage in this group of patients for amputation. 

The question of local recurrence and its influence on 
survival is addressed in Table 3 and Figures 7, 8, 9, and 
10. From Table 3 it can be seen that amputations resulted 
in significantly better local control (p = 0.007). Distant 
metastases, however, were more common in the ampu- 
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FIG. 3. Kaplan-Meier survival curves for patients who have high-grade 
tumors and who undergo limb-sparing surgery (LSS) versus amputation. 
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Fic. 4. Kaplan-Meier survival curves for patients who have high-grade 
tumors 5 cm or larger and who undergo limb-sparing surgery (LSS) versus 
amputation. 


tation group compared with limb-sparing surgery (p 
= 0.000003), because they were more likely to have high- 
grade, large tumors, consistent with previous reports of 
high-grade tumors being associated with metastatic 
spread.5727:28 l 

The effect of local recurrence on survival can be seen 
in Figure 7, which compares survival in patients under- 
going an amputation who do not develop local recurrence 
with those having a limb-sparing procedure who do de- 
velop local recurrence. Again, in the group of patients 
who underwent a limb-sparing procedure and developed 
a local recurrence, their survival was still better than the 
group with no local recurrence after an amputation. 

Figures 8, 9, and 10 stratify the groups for grade (Fig. 
8), large size (Fig. 9), and grade plus large size (Fig. 10), 
while again comparing the survival in patients undergoing 
an amputation who do not develop a local recurrence 
with patients undergoing a limb-sparing procedure who 
do develop a local recurrence. Despite stratifying for grade 
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Fic. 5. Kaplan-Meier survival curves for patients who have high-grade 
tumors 10 cm or larger and who undergo limb-sparing surgery (LSS) 
versus amputation. 
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Fic, 6. Kaplan—Meier survival curves for patients with low-grade tumors 
5 cm or larger and who undergo limb-sparing surgery (LSS) versus am- 
putation. 


and size, there still is no survival advantage to achieving 
local control with an amputation in these cohorts of pa- 
tients. 

Because better local control of the tumor in the am- 
putation group did not lead to improved survival, the 
question of control of systemic disease with chemotherapy 
in this group is addressed in Figure 11. This figure com- 
pares the effect of chemotherapy on survival in all patients 
(undergoing either an amputation or limb-sparing surgery) 
with high-grade tumors 10 cm or larger. The survival in 
this group of patients who received chemotherapy was 
significantly better than in those patients not receiving 
chemotherapy, regardless of the type of operation. 


Discussion 


From the data presented, the patients selected to un- 
dergo an amputation for extremity soft tissue sarcoma at 
MSKCC from 1982 to 1990 were those thought to have 
the worst risk factors!-”°~!477,293° (i e., high-grade, large 
tumors) and thus the worst prognosis. These patients were 
also more likely to receive chemotherapy. Based on the 
survival analysis for this cohort of patients (those with 
high-grade, large tumors), however, it is clear that these 
patients were not benefited from amputation as compared 
with limb-sparing procedures, despite stratifying the risk 
factors to make the groups as similar as possible. 


TABLE 3. Number of Patients Who Have Local 
and Distant Recurrences After Surgery 


Amputation Limb Sparing 
Recurrence (n = 92) (n = 557) p 
Local 6 (6%) 87 (15%) 0.007 
Distant 36 (43%) 80 (14%) 0.000003 
Total 42 (45%) 157 (28%) 0.001 
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Fic. 7. Kaplan-Meier survival curves for patients who undergo a limb- 
sparing procedure (LSS) and who have a local recurrence (RECUR) 
versus patients who undergo amputation (AMP) and who do not have 
a local recurrence (NO RECUR). 


Because any surgical procedure impacts only on the 
local disease, amputation proved significantly superior to 
limb-sparing surgery in local control and preventing lo- 
cally recurrent disease.?>7°3!3? Despite controlling the 
disease locally, however, amputation still did not improve 
survival over patients undergoing limb-sparing surgery in 
this series and others,”**° even if the patients undergoing 
limb-sparing surgery developed local recurrence and de- 
spite stratifying for risk factors. We and others have re- 
ported previously” !”"3 that local recurrence did have a 
significant effect on survival in patients requiring an am- 
putation for extremity soft tissue sarcoma. It is important 
to understand this apparent discrepancy of the effect local 
recurrence has on survival, because it points out the mag- 
nitude of the effect a lack of control of distant metastases 
has on this cohort of patients. In our previous report,” 
survival in patients undergoing amputation for extremity 
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Fic. 8. Kaplan-Meier survival curves for patients who have high-grade 
lesions and who undergo a limb-sparing procedure (LSS) and have local 
recurrence (RECUR) versus patients who undergo amputation (AMP) 
for high-grade lesions and who do not have a local recurrence (NO RE- 
CUR). 
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Fic. 9. Kaplan-Meier survival curves for patients who have tumors 5 
cm or larger and who undergo a limb-sparing procedure (LSS) and have 
local recurrence (REC) versus patients who undergo amputation (AMP) 
for tumors 5 cm or larger and who do not have a local recurrence (NO 
REC). 


soft tissue sarcoma who developed a local recurrence was 
compared with patients with no recurrence (local or dis- 
tant), leading to the apparent negative effect of local re- 
currence on survival. Figures 7 through 10, however, 
compare patients with limb-sparing surgery who develop 
a local recurrence only, with patients undergoing an am- 
putation with no evidence of a local recurrence. These 
latter patients, however, may (and often did [Table 3]) 
still develop distant metastases. (Patients developing dis- 
tant metastases in the study by Williard et al.!’ were cen- 
sored for the analysis of local recurrence.) Explanation of 
this discrepancy highlights that survival in patients most 
likely to undergo an amputation (those with high-grade, 
large tumors) is dictated by the development of distant 
metastases and not by the development of a local recur- 
rence. Thus, this apparent discrepancy points out the need 
for systemic control in these patients requiring amputation 
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Fic. 10. Kaplan-Meier survival curves for patients with high-grade tumors 
5 cm or larger who undergo limb-sparing surgery (LSS) and have local 
recurrence (REC) versus patients who undergo amputation for high- 
grade tumors 5 cm or larger and who do not have local recurrence (NO- 
REC). 
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FIG. 11. Kaplan-Meier survival curves for patients who have high-grade 
tumors 10 cm or larger and who receive chemotherapy (CHEMO) versus 
patients who have high-grade tumors 10 cm or larger and who receive 
no chemotherapy (NO CHEMO) (amputation and limb-sparing groups 
are combined). 


for extremity soft tissue sarcoma (because 43% of the am- 
putation group developed distant metastases whereas only 
6% developed a local recurrence [Table 3]), and shows 
local control to be of much less importance. 

Another report by Emrich et al.” also stated that local 
recurrence significantly decreased survival in patients with 
high-grade extremity soft tissue sarcomas, with a 5-year 


survival rate of 44% in patients without a local recurrence 


versus 26% in patients who developed a local recurrence. 
Of the 184 patients who developed local recurrences. in 
this study (a retrospective review), 141 had documented 
distant metastases. The authors cannot provide data re- 
garding time of appearance of distant metastases in re- 
lation to the time of development of the local recurrence, 
but conclude: “. . . it is likely that a lack of local control 
of the tumor results in distant metastases. ultimately lead- 
ing to a shorter survival time.” Again based on our data 
in Table 3, however, we would argue that most distant 
metastases arise from the primary tumor and are not sec- 
ondary to a local.recurrence that metastasizes. This con- 
clusion is also supported by data from Huth and Eilber,** 
showing that development of a local recurrence—13 of 
255 patients (5%)—-was much less frequent than devel- 
opment of distant metastases—72 of 255 patients (28%)— 
among their patients with extremity soft tissue sarcoma. 
Heise et al.’ reported similar results, with local recurrence 
in 100 of 594 patients (17%) versus 231 of 594 patients 
(39%) with distant metastases or simultaneous local re- 
currence and distant metastases. (We would propose that 
the simultaneous “detection” of local recurrence and dis- 
tant metastases was from residual local microscopic dis- 
ease as well as distant microscopic disease, present at the 
time of the initial resection and detectable only at a later 
date, because both cell populations increased in number 
at similar rates.) Thus, this would indicate that most pa- 
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tients with high-grade, large tumors requiring amputation 


-already have systemic disease at the time of operation, 


and will not be benefited in terms of survival from a more 
radical procedure to control local disease. 

The <inding that the survival in patients receiving che- 
motherapy after resection of a high-grade tumor 10 cm 
or larger was significantly better than in those patients 
not receiving chemotherapy, regardless of the type of sur- 
gery, also lends support to the above premise. This ob- 
servaticn is also supported by the only prospective, ran- 
domized trial reported in the literature,” with a recent 
update,?* comparing limb-sparing surgery and adjuvant 
radiaticn therapy with amputation in patients with high- 
grade tumors, both groups being randomized to postop- 
erative chemotherapy. The authors were able to show no 
survival advantage for amputation versus limb-sparing . 
surgery in these patients with high-grade tumors, despite 
an increase in local recurrence in the limb-sparing surgery. 
group. Also, patients receiving chemotherapy (doxoru- 
bicin, cyclophosphamide, and methotrexate) did have 
significently improved survival regardless of their initial 
surgical procedure. Potter et al., with a similar patient 
population, reported similar data and conclusions. These 
findings support the concept of control of systemic disease 
as the crimary predictor of outcome, with local control 
assuming a lesser role in these patients in terms of survival. 
Until better systemic therapy is developed to control dis- 
tant disease, local control in extremity soft tissue sarcoma 
for high-grade, large lesions is not the issue. 

One might reason that low-grade, large lesions, with a 
lower propensity for distant spread but with the difficulty 
in remowing the entire tumor with clear margins with a 
limb-sparing’ procedure, would-be better treated with an 
amputation. Our data suggest that these lesions are just 
as well tceated by limb-sparing procedures, however, and 
that am>utation does not offer a survival advantage in 
this group. This suggests that local recurrence, although 


morbid, can be dealt with by re-resection without increas- 


ing the mortality rate in patients with’ low-grade, large 
lesions. Again, multiple authors support this point, citing 
evidence that re-resection of local recurrences can render 
patients disease free and without worsening their prog- 


nosis.”*** Potter et al.? rendered seven of seven patients 


disease free after re-resection of a local recurrence, whereas 
Huth and Eilber™ successfully re-resected 9 of 13 patients 
with local recurrence, with no subsequent evidence of sys- 
temic disease. . 

The role of amputation in extremity soft tissue sarcoma 
has been decreasing over the past 15 to 20 years. Clearly 
the groups this procedure is targeted at (those patients 
with high-grade, large lesions) have not obtained a survival 
benefit ftom this procedure. The prognosis of this cohort 
of patients is determined by their systemic disease (on 
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which amputation obviously has no effect), and not their 
local tumor burden. The question of local recurrence 
leading to the development of distant disease is not de- 
finitively answered by this analysis, but the evidence sup- 
ports that most patients considered for amputation (pa- 
tients with large, high-grade tumors) will develop distant 
metastases from their primary tumor, without a local re- 
currence, and amputation of their extremity will not im- 
prove their survival. Because no group of patients could 
be demonstrated to obtain a survival advantage from am- 
putation, we can only recommend this procedure for the 
patient whose tumor cannot be grossly resected with a 
limb-sparing procedure while still preserving a useful ex- 
tremity. Further progress in the treatment of this disease 
awaits the development of more effective chemothera- 
peutic agents to address the systemic component of this 
disease. Until more effective systemic agents or other 
treatment modalities become available for these patients, 
the question of best local control will remain a secondary 
one, with equal or better survival being obtained with 
limb-sparing surgery when compared with amputation 
for patients with extremity soft tissue sarcoma. 
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Blood Transfusion Impairs the Healing 
of Experimental Intestinal Anastomoses 





TAMER TADROS, M.D., THEO WOBBES, M.D., PH.D., and THIJS HENDRIKS, PH.D. 


Blood transfusions are reported to impair the cell-mediated im- 
mune response. Because both T lymphocyte and macrophage 
function are important for wound repair, the authors investigated 
the effect of blood transfusions on anastomotic repair. Lewis 
. rats underwent resection of both ileum and colon, followed by 
the construction of either an everted or an inverted end-to-end 
anastomosis. Immediately after operation, they received either 
3 mL saline intravenously, or 3 mL heparinized blood from Lewis 
or Brown Norway donors. The animals were killed 3 or 7 days 
after operation, and anastomotic strength was assessed by mea- 
suring the bursting pressure. Anastomotic abscesses and gen- 
eralized peritonitis were not found in the control group. Blood 
transfusions, particularly allogeneic, significantly increased the 
incidence of these septic complications. Three days after oper- 
ation, anastomotic strength was significantly reduced in both 
Lewis and Brown Norway transfused groups. For instance, av- 
erage bursting pressures (+ standard deviation [SD]) of inverted 
ileal anastomoses were 79 + 13 mmHg in the control] group and 
46 + 14 and 21 + 12 mmHg in the Lewis and Brown Norway 
transfused groups, respectively. Seven days after operation, the 
rupture site was found significantly more often within the anas- 
tomotic line in the animals that had received blood transfusions. 
The authors conclude that blood transfusions impair the healing 
of experimental intestinal anastomoses and increase susceptibility 
to intra-abdominal sensis. 


the immune system. It has been known for some 


time that pretransplant transfusions prolong al- 
1,2 


B LOOD TRANSFUSIONS HAVE been reported to alter 


lograft survival.’ Also, transfusions appear to enhance 
tumor growth in animal models, and to increase the re- 
currence rate of human colon, breast, and lung cancer.” 
Both experimental and clinical studies have demonstrated 
that blood transfusions increase susceptibility to septic 
complications.*-'! Taken together, these studies suggest 
that blood transfusions may exert a generalized immu- 
nosuppressive effect. 
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Although the precise mechanism of this transfusion- 
induced immunosuppression has not yet been fully elu- 
cidated, there is evidence that blood transfusions impair 
the cel.-mediated immune response.!*"!* Cell-mediated 
immure reactions depend primarily on two cell types, 
macrophages and T lymphocytes. Although the central 
role of macrophages in wound healing is well established, 
the possible importance of lymphocytes in this process 
has been recognized only recently.'°-'® With this evidence 
in hand, it seems logical to expect a detrimental effect of 
blood transfusions on the wound healing sequence. Anas- 
tomotic leakage is one of the major complications of gas- 
trointestinal surgery and is often associated with high 
morbicity and mortality rates.!??° In a number of situa- 
tions, for instance, in emergency operations, chances for 
anastomotic failure rise.?™?! Blood transfusions have not 
been recognized as a potential risk factor for anastomotic 
leakage. Blood transfusions are frequently required in 
gastrointestinal surgery to correct anemia or because of 
excessive blood loss from associated trauma or operative 
procedures. Thus, it is important to establish the effect of 
such transfusions on intestinal repair. Because no data 
are as yet available on this subject, we conducted the pres- 
ent study in the rat, because we have gained considerable 
experience with such a model for anastomotic healing.”” 


Materials and Methods 
ANIMALS 


One hundred twenty adult male Lewis rats, with an 
average weight of 235 + 23 (+ standard deviation [SD]) 
g were divided into two experimental groups of 60 rats 
each. An additional 20 Lewis male rats and 20 Brown 
Norway (BN) male rats were used as donor animals. All 
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animals were kept in separate cages and were given food 
and water ad libitum. The animals were observed for a 
minimum of 1 week before initiation of the study to ex- 
clude the presence of any preexisting diseases. 


Operative Procedure and Transfusions 


The animals were anesthetized with intraperitoneal so- 
dium pentobarbital and underwent a median laparotomy. 
One centimeter of both ileum and colon were resected at 
15 cm proximal to the ileocecal junction and 3 cm prox- 
imal to the rectal-peritoneal reflection, respectively. In 
experiment I, everted one-layer end-to-end anastomoses 
were constructed microsurgically with 8 X 0 monofila- 
ment suture material (Ethicon). In experiment II, inverted 
anastomoses were used instead. 

Blood was obtained from anesthetized Lewis and Brown 
Norway rats by cardiac puncture. The blood was hepa- 
rinized and given through the dorsal penile vein. Within 
each experiment the animals were divided into three 
groups of 20 rats each, receiving 3 mL saline, 3 mL Lewis 
blood, or 3 mL Brown Norway blood, respectively. All 
transfusions were given immediately after the operation. 


Investigations 


Either 3 or 7 days after operation, the animals were 
anesthetized with intraperitoneal sodium pentobarbital. 
A second laparatomy was performed and the abdomen 
was inspected for the presence of abscesses and signs of 
generalized peritonitis. Both ileal and colonic anastomoses 
were prepared free, leaving surrounding tissue adherent 
to the anastomoses untouched, and removed. Thereafter, 
the animals were killed by an intraperitoneal overdose of 
sodium pentobarbital. 

Approximately 5 cm intestinal segment containing the 
anastomosis was carefully cleaned from fecal content. 
Subsequently, the segment was attached to an infusion 
pump, filled with methylene-blue—stained saline solution. 
The pressure was increased with an infusion rate of 2.5 
mL/min and recorded graphically. Both bursting pressure 
and site of rupture were noted. 

In experiment II, the anastomotic segment was cleaned 
from surrounding tissue after the bursting pressure mea- 
surement, and a 0.5 cm segment, containing the anasto- 
mosis, was collected for analysis. The samples were frozen 
immediately and stored in liquid nitrogen until processing. 
After weighing, the samples were pulverized and lyophi- 
lized, and the hydroxyproline content was measured as 
described before.” 


Statistical Analysis 


Statistical methods are given with the results. 
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Results 
Experiment I 


Body Weight. All animals showed weight loss in the 
early postoperative period, followed by some weight gain 
later on. Average weight loss (+ SD) on the third day 
postoperatively in the saline, Lewis, and Brown Norway 
transfused groups was 18.2 + 4.6 g (n = 8), 19.4 + 5.3g 
(n = 7), and 25.6 + 6.7 g (n = 8), respectively. Average 
weight gain with respect to weight at operation on the 
seventh day after operation in the three groups was 11.7 
+ 10.6 g (n = 10), 8.4 + 7.6 g (n = 7), and 6.3 + 11.5 ¢ 
(n = 10), respectively. The differences between groups 
were not statistically significant (Kruskal-Wallis test). 

Mortality Rate. In the groups receiving saline or Brown 
Norway blood, the postoperative mortality rate was 10%, 
whereas animals transfused with Lewis blood exhibited a 
mortality rate of 30%. Two animals in the saline group 
died between the first and the second postoperative days, 
without any macroscopic evidence of anastomotic leakage ' 
or intra-abdominal infection. One rat showed signs of 
ileus. Animals transfused with Brown Norway blood or 
Lewis blood died between the second and the fourth days 
after operation. All of these exhibited signs of intra-ab- 
dominal sepsis, such as anastomotic abscesses or gener- 
alized peritonitis. 

Intra-abdominal Sepsis. No abscesses were found at all 
around the anastomoses in the saline-infused group. On 
the contrary, high numbers of anastomotic abscesses were 
found after blood transfusions (Table 1). On the third day 
after operation, abscesses were found around 57% of the 
ileal anastomoses in the Lewis group, and around all 
anastomoses constructed in rats transfused with Brown 
Norway blood. A similar, although less explicit, effect was 
observed in colon. Next to the anastomotic abscesses, signs 
of generzlized peritonitis and fascial abscesses were found 
also in 29% of the Lewis group, and 50% of the Brown 


TABLE 1. Anastomotic Abscesses and Bursting 
Pressures in Experiment I 


Day 3 Day 7 
n Ileum Colon n leum Colon 

Abscess 

Saline 8 0 0 iG) 0 0 

Lewis 7 4 2 7 2 A 

Brown Morway 8 8 4 IC 4 2 

p 0 0.07 0.08 NS 
Bursting pressure 

Saline 8 3143 45411 10 325438 270+ 23 

Lewis 7 W443 32+ 5 7 238431 166+ 24 

Brown Norway 8 1324 23+ 9 10 207+26 182+ 26 

p 0.0005 0.001 0.000! 0.0001 


Bursting pressures are expressed as average (mmHg) + SD. Differences 
between groups were tested for significance with a Kruskal-Wallis test. 
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Norway group. No such complications occurred in the 
saline group. Seven days after operation, abscesses still 
could be observed around ileal anastomoses in 29% of 
the animals in the Lewis group and in 40% of those in 
the Brown Norway group. This phenomenon was seen 
also around colonic anastomoses. In addition, 20% of the 
rats transfused with Brown Norway blood showed signs 
of generalized peritonitis. 

Bursting Pressure and Bursting Site. The strength of 
the anastomoses, as assessed by the bursting pressure, was 
significantly impaired after blood transfusions (Table 1, 
Fig. 1). Three days after operation, the bursting pressure 
of both ileal and colonic anastomoses in the Lewis and 
Brown Norway transfused groups was significantly re- 
duced as compared with the saline group. At this point, 
all anastomoses ruptured within the suture line. At 7 days 
postoperatively, similar, statistically highly significant dif- 
ferences were observed between the three groups. At this 
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Fic. 1. Correlation between bursting pressure, bursting site, and anas- 
tomotic abscesses in experiment I. Points represent single anastomoses. 
Closed symbols, rupture within suture line; open symbols, rupture outside 
suture line; circles, no anastomotic abscess; triangles, anastomotic abscess 
present. 
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time, however, the bursting pressure in the saline group 
does not reflect anastomotic strength, because the bursting 
site was always outside the anastomotic area. Thus, the 
actual average anastomotic strength must have been even 
higher than the figure given in Table 1. Moreover, in the 
ileum of the Lewis group, rupture occurred within the 
anastomosis in two of seven cases. In the Brown Norway 
group, this happened in seven of 10 anastomoses. This 
constituted a statistically significant (p = 0.004, chi square 
test) shift in bursting site between groups. A similar, al- 
though statistically not significant, phenomenon was ob- 
served with regard to the colonic anastomoses (Fig. 1). 
Finally, it should be noted (Fig. 1) that anastomoses with 
abscesses always ruptured at the suture line—also at 7 
days—and that their strength was always lower than that 
of the anastomoses without abscesses. 


Experiment II 


The results of experiment IJ, where inverted anasto- 
moses were constructed instead of everted anastomoses, 
were similar to those of experiment I. 

Body Weight. The average weight loss (+SD) on the 
third postoperative day was 18 + 6 g (n = 10) in the saline 
group, 19 + 4 g (n = 9) in the Lewis group, and 20 = 6 
g (n = 8) in the Brown Norway group. Seven days after 
the operation, all animals had gained some extra weight, 
with respect to their preoperative weight. The average in- 
crease (£SD) was 16 + 12 g (n = 10) in the saline group, 
8 + 4g (n = 8) in the Lewis group, and 6 + 9 g (n = 10) 
in the Brown Norway group. Differences between groups 
were only significant at day 7 (p = 0.04, Kruskal-Wallis 
test). | 

Mortality Rate. The postoperative mortality rate ap- 
peared higher after blood transfusions. The mortality rate 
was 15% in the Lewis transfused group and 10% in the 
group transfused with Brown Norway blood. The animals 
died between the second and the third day after operation, 
exhibiting intra-abdominal septic complications. None of 
the animals receiving saline died before being killed. 

Intra-abdominal Sepsis. Again, animals that received 
saline formed no abscesses at all around the anastomoses. 
At both 3 and 7 days after operation, an increased oc- 
currence rate of abscesses was observed around the ileal 
anastomoses in both transfusion groups. This effect was 
more pronounced after transfusion with allogeneic— 
Brown Norway—blood (Table 2). In the colon, anasto- 
motic abscesses were seen only twice 3 days postopera- 
tively. After 7 days, however, they were found in four of 
eight animals transfused with Lewis blood and in six of 
10 animals transfused with Brown Norway blood. 

Generalized peritonitis and abdominal wall abscesses 
were only observed in the Brown Norway group, in 25% 
and 50% of the animals at 3 and 7 days after operation, 
respectively. 
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TABLE 2. Anastomotic Abscesses and Bursting 
Pressures in Experiment IT 


Day 3 Day 7 
n Meum Colon n Ileum Colon 

Abscess 

Saline 10 0 0 i10 0 0 

Lewis 9 2 0 8 |} 4 

Brown Norway 8 7 2 i0 6 6 

p 0 0.07 0.005 0.01 
Bursting pressure 

Saline 10 79413 97419 10 303450 241417 

Lewis 9 46414 664+ 9 8 254+47 191 + 35 

Brown Norway 8 214£12 47412 10 198+56 183+ 28 

p 0 0 0.001 0.001 


Bursting pressures are expressed as average (mmHg) + SD. Differences 
between groups were tested for significance with a Kruskal-Wallis test. 


Bursting Pressure and Bursting Site. The strength of 
the inverted anastomoses (Table 2) in the saline group 
was higher than the strength of the everted anastomoses 
(Table 1). Transfusions again induced significant loss of 
strength, however, both 3 and 7 days after operation. Two- 
by-two comparison of the experimental groups also 
showed that the bursting pressures of 3-day-old anasto- 
moses were significantly lower in the Brown Norway 
transfused group than in the Lewis transfused group (p 
= 0.005 in ileum and p = 0.007 in colon, Wilcoxon one- 
sided test). | 

As in the first experiment, all 7-day-old anastomoses 
in the saline group were stronger than the adjacent bowel 
wall. In the ileum of the Lewis and Brown Norway trans- 
fused groups, rupture occurred within the suture line in 
12.5% and 70% of the cases, respectively (p = 0.001, chi 
square test). For colon, these values were 50% and 60%, 
respectively (p = 0.01, chi square test). Figure 2 shows 
that again anastomoses with abscesses invariably ruptured 
within the wound area and yielded much lower bursting 
pressures than those healing in a peritoneal cavity without 
signs of infection. 

Hydroxyproline Content. The hydroxyproline content 
is taken to be a measure for the anastomotic collagen 
level. Three days after operation, the hydroxyproline con- 
tent of the colonic anastomoses was significantly lower in 
the transfusion groups than in the saline group. In the 
ileal anastomoses, this effect remained nonsignificant. No 
differences between groups were observed 7 days post- 
operatively, either in ileum or in colon (Table 3). 


Discussion 


After the discovery of the ABO groups by Landsteiner 
in 1900, blood transfusions have become a common 
treatment for correction of anemias and for the replace- 
ment of significant losses as a result of trauma of opera- 
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FIG. 2. Correlation between bursting pressure, bursting site, and anas- 
tomotic akscesses in experiment II. Points represent single anastomoses. 
Closed symbols, rupture within suture line; open symbols, rupture outside 
suture line: circles, no anastomotic abscess; triangles, anastomotic abscess 
present, 


tion. During the last decade, however, increasing evidence 
has emerged that blood transfusions carry certain risks, 
previously unrecognized, for the patient, in particular with 
respect to immunosuppression. These include diminished 
cell-mediated immune response, decreased helper/sup- 


TABLE 3, Anastomotic Hydroxyproline Content in Experiment IT 


Day 3 Day 7 
n Ileum Colon r Ileum Colon 
Saline 10 90+12 176427 10 1642+29 244 + 48 
Lewis 9 80419 122430 3 167425 276439 
Brown Norway 8 79429 12127 10 169436 3012475 
p NS 0.003 NS NS 
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pressor T-cell ratios, decreased natural killer cell activity, 
suppression of lymphocyte blastogenesis, and decreased 
macrophage antigen presentation.!*-'*7*7° Recently, a 
role has been recognized for immune regulatory cells in 
the wound healing process. Activated lymphocytes have 
been shown to secrete lymphokines, which in vitro alter 
fibroblast replication, migration, and collagen synthesis. '° 
Impairment of skin wound healing was observed after in 
vivo depletion of T lymphocytes.’® Thus, it seems likely 
that blood transfusions will affect the healing process. We 
have investigated anastomotic healing in the intestine be- 
cause blood transfusions are frequently required in both 
elective and emergency gastrointestinal surgery, and fail- 
ure of intestinal repair is a most serious complication with 
high morbidity and mortality rates. 

To compare the effects of both syngeneic and allogeneic 
blood, two rat strains have been used as donors. Human 
transfusions are crossmatched for blood groups, but not 
for histocompatibility antigen mismatches. In an attempt 
to approach this situation, we chose the Brown Norway 
rat as a donor and the Lewis rat as a recipient. No he- 
molysis occurs in this transfusion model, but there exist 
histocompatibility differences, which approximate those 
in human transfusions.’ In an effort to establish the con- 
sistency of the results, we performed two separate exper- 
iments using different types of anastomoses. Furthermore, 
no blood was taken before operation, to avoid possible 
effects of hemorrhage. The results of this study clearly 
demonstrate that blood transfusions impair the healing 
of intestinal anastomoses. The strength of both ileal and 
colonic anastomoses was significantly decreased in those 
rats that received either allogeneic or syngeneic blood, at 
both time points measured. The impairment of healing 
was most explicit in the allogeneically transfused rats 
(Brown Norway group). 

Allogeneic and syngeneic blood transfusions caused an 
increase in the occurrence rates of anastomotic abscesses, 
fascial abscesses, and peritonitis. Most of the abscesses 
were found on the third day after operation. The morbidity 
rates were higher in the rats transfused with allogeneic 
blood than in those transfused with ‘syngeneic blood, 
whereas none of the animals that received saline showed 
any signs of intra-abdominal sepsis. Figures 1 and 2 clearly 
demonstrate that the presence of anastomotic abscesses 
correlates with reduced anastomotic strength. These data 
thus confirm an increased susceptibility to septic com- 
plications after syngeneic and, particularly, allogeneic 
blood transfusions. 

Two lines of reasoning could explain our results: blood 
transfusions either affect healing directly or induce intra- 
peritoneal infections, which in turn affect healing. 

In the first case, transfusions would interfere with the 
cellular phase of the inflammatory reaction. The role of 
macrophages in wound healing is well known. Macro- 
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phages release a number of cytokines and growth facters, 
which stimulate fibroblast proliferation (and thereby syn- 
thesis of collagen) and neovascularization.”® 

Waymack et al.'* have demonstrated a significant im- 
pairment in the migration of macrophages into the peri- 
toneal cavity tn response to inflammatory stimuli in al- 
logene.cally transfused rats. Also, macrophages obtained 
from ellogeneically transfused rats were found to have 
significant alterations in their arachidonic acid metabo- 
lism, including an increase in the production of throm- 
boxane, prostacyclin, and prostaglandin E.*?° Thus, the 
impairment of healing could be due to alterations in mac- 
rophage migration and function. Leakage, and subsequent 
abscess. formation, could occur as a result of inadequate 
development of bowel wall strength. 

Another cell that appears to be involved in the wound 
healing process is the T lymphocyte. Although in vivo 
depletion of T lymphocytes resulted in impaired wound 
healing,!° depletion of T-helper/effector cells had no effect 
on wound healing, and depletion of the T-suppressor/ 
cytotoxic subset even enhanced healing.!? Conversely, 
blood transfusions have been shown to diminish lym- 
phocyte blastogenesis in response to mitogen stimulation 
and to increase suppressor cell activity.’”*? In addition, 
blood transfusions exert a negative influence on the gen- 
eration of interleukin-2,%°?! which compound has been 
reported to enhance wound healing in rats.*? 

A second line of reasoning would be that blood trans- 
fusions primarily cause intraperitoneal infection, which 
then affects the healing of intestinal anastomoses. Tartter 
et al.® reported increased rates of infectious complications 
after colon surgery in patients given blood transfusions 
in the perioperative period. The presence of peritonitis or 
abscesses has been known to result in increased leakage 
and reduced strength of intestinal anastomoses.*”*? Way- 
mack et al.!° reported decreased resistance to Escherichia 
coli peritonitis challenges, and impaired macrophage bac- 
tericidal function*™* in allogencically transfused rats. 

The higher incidence of abscesses around ileal anas- 
tomoses as compared with colonic anastomoses, however, 
might ergue against the second explanation. If transfusions 
impaired healing primarily because of induction of intra- 
peritoneal infection, more anastomotic abscesses should 
have been found in colon than in ileum, because of the 
lower concentration of microorganisms in ileum. 

It should be noted that, although differences were found 
between groups with regard to the average hydroxyproline 
conten: of anastomoses, these reached significance only 
in colon (on day 3). Also, at 7 days after operation, the 
average anastomotic hydroxyproline content in the colons 
of animals transfused with either Lewis or Brown Norway — 
blood tended to be higher in comparison with the saline 
group. These findings suggest that blood transfusions not 
so much affect the quantity of the anastomotic collagen, 
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but possibly even more its quality, which might very well 
decide eventual anastomotic strength. 

At this time, it remains unexplained why syngeneic 
blood also suppresses the healing of intestinal anasto- 
moses. This finding is similar to results of other studies, 
however. Waymack et al. also found that syngeneic trans- 
fusions increase susceptibility to infections,” and impair 
lymphocyte blastogenesis.” One possible explanation 
would be that the animals in the syngeneic group, although 
littermates of the recipients, were not identical twins. This 
phenomenon could also mean that there are other-——as 
yet unknown—factors that may contribute to the effect 
of blood transfusions on wound healing. 

In conclusion, the present data clearly demonstrate 
that—in our model—blood transfusions impair the heal- 
ing of intestinal anastomoses, and increase susceptibility 
to intra-abdominal septic complications, possibly as the 
result of an alteration of the local or systemic immune 
response to the traumatic injury of the intestine caused 
by the surgical procedure. Further research in this area is 
certainly required because of the possible clinical conse- 
quences of these findings. 
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The Effect of Tumor Bulk on the Metabolic 


Response to Cancer 





JONATHAN B. KOEA, M.H.B., M.B., CH.B., and JAMES H. F. SHAW, M.D., F.R.A.C.S. 


The derangements in energy/substrate metabolism seen in on- 
cology patients are similar regardless of the tumor’s site of origin, 


and in advanced disease these metabolic derangements can be | 


manifested as cancer cachexia. The relationship between tumor 
size and the degree of metabolic abnormality, however, remains 
unclear. Using primed constant infusions of stable and radiola- 
beled isotopes and indirect calorimetry, the authors have deter- 
mined the rates of net protein catabolism (NPC), glucose oxi- 
dation, Cori cycling of glucose, and oxygen consumption in 85 
patients with cancer. They have assessed the association between 
bulk of tumor and metabolic abnormality using regression anal- 
ysis. A positive correlation was found between tumor bulk and 
the rates of NPC (r? = 0.8), plasma glucose appearance (r? 
= 0.72), plasma glucose clearance (r? = 0.70), the percentage of 
tissue glucose uptake recycled to lactate (r? = 0.62), and oxygen 
consumption (r° = 0.79). The percentage of tissue glucose uptake 
oxidized was negatively correlated with tumor bulk (r? = 0.75). 
The data indicate that the degree of metabolic abnormality seen 
in cancer patients is closely related to the quantity of malignant 
tissue present. Progressive increase in tumor size is associated 
with an increase in peripheral substrate mobilization, an increase 
in the rate of hepatic glucose production, an increase in tissue 
glucose uptake, an increase in energy-expensive glucose cycling 
to lactate, and an increase in protein loss. 


abnormal energy substrate metabolism in the host. 

In spite of this, the relationship between the stage of 
disease or bulk of tumor present and the development of 
abnormal energy/substrate metabolism is unclear. Cancer 
cachexia is more common in advanced tumors, and 
weight loss is a sign of heavy tumor burden.* There are, 
however, a number of reports in the oncology literature 
of significant weight loss in association with relatively 
small tumor burdens.* 


I T IS NOW clear that tumor burden is associated with 


Supported by grants from the Medical Research Council of New Zea- 
land, Kabi Vitrum Laboratories, Stockholm, Sweden, and the Royal 
Australasian College of Surgeons. 

Address reprint requests to J. H. F. Shaw, M.D., F.R.A.C.S., Oncology 
Surgeon, University Department of Surgery, Auckland Hospital, Auck- 
land, New Zealand. 

Accepted for publication October 10, 1991. 


IRI 


From The University Department of Surgery, 
Auckland Hospital, Auckland, New Zealand 


We have previously shown that patients with small or 
early tumors are metabolically similar to postabsorptive 
cancer-free volunteers,’ whereas patients with more ad- 
vanced or aggressive tumors exhibit a number of meta- 
bolic abnormalities that eventually may present as cancer 
cachexia.'”* In addition, we and others have previously 
shown a remarkable similarity in the metabolic derange- 
ments that accompany cancer regardless of the primary 
site or tissue of origin, >”? and it has been postulated 
that the elaboration of endocrine mediators by rapidly 
growing malignant tissue alters host metabolism in a way 
that is more advantageous to tumor growth.?”!° 

This study of metabolic profiles in cancer patients was 
undertaken to define the relationship between the bulk 
of tumor and the common metabolic abnormalities as- 
sociated with tumor burden. 


Methods 
Patients 


All patients in this investigation were recruited from 
the general surgical wards at Auckland Hospital. This in- 
vestigation was approved by the Ethical Committee at 
Auckland Hospital, and the use of radioisotopes was ap- 
proved by the National Radiation Laboratory of New 
Zealand. Many of the metabolic data from these patients 
have been published previously in a number of investi- 
gations concerning the metabolic profile of individual 
malignancies.!:”* We have not previously investigated the 
association between the bulk of tumor and the metabolic 
response to tumor burden, however. We therefore re- 
viewed the results of 5 years of isotopic studies in cancer 
patients and selected all oncology patients who were stud- 
ied preoperatively. No oncology patient was included in 
this analysis if they had significant sepsis, concurrent en- 
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docrine disease (including diabetes mellitus), or if they 
were receiving total parenteral nutrition. The majority of 
patients studied were suffering from solid tumors of the 
gastrointestinal tract, retroperitoneum, or limbs. The pa- 
tients with myeloproliferative cancers who were studied 
all had disseminated disease and were referred to the sur- 
gical service for staging laparotomy or splenectomy. 

The clinical details of the 85 patients are presented in 
Table |. 


Measurement of Tumor Bulk 


The pathologic records of the patients who had solid 
tumors removed after metabolic study were reviewed, and 
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the dimensions of tumor in the resected specimen made 
by an independent pathologist were noted. It was assumed 
that solid tumors were uniformly spherical in shape, and 
the volume of tumor present was calculated using these 
dimensions. It also was assumed that 1 cm? of tumor tissue 
weighed | g. No attempt was made to subtract the di- 
mensions of any necrotic tumor segments from this value. 
The volumes and weights of any hepatic or pulmonary 
metastases were calculated in the same manner using the 
dimensions obtained with ultrasound or computed to- 
mographic (CT) scanning. 

In those patients with myeloproliferative cancers, it was 
assumed that all hemopoietic tissue (excluding the spleen) 
was uniformly malignant and the volume of this was cal- 


TABLE 1. Clinical Details of Oncolog, Patients 


Patient Sex Age Diagnosis 

l M 64 Ca esophagus 
2 F 80 Ca pancreas 
3 M 64 Ca stomach 
4 M 87 Ca esophagus 
5 M 57 Ca esophagus 
6 M 58 Ca pancreas 
7 M 71 Ca esophagus 
8 F 73 Ca stomach 
9 F 60 Ca esophagus 

10 M 80 Ca stomach 

il M 56 Ca stomach 

12 M 58 Ca esophagus 

13 M 63 Ca stomach 

14 F 63 Ca pancreas 

15 M 63 Ca esophagus 

16 M 88 Ca stomach 

17 M 55 Ca esophagus 

18 M 79 Ca esophagus 

19 F 81 Ca stomach 

20 M 80 Ca stomach 

21 F 68 Ca esophagus 

22 F 76 Ca esophagus 

23 M 60 Ca stomach 

24 M 70 Ca bile duct 

25 M 73 Ca colon 

26 F 79 Ca colon 

27 M 77 Ca rectum 

28 F 75 Ca rectum 

29 M 69 Ca colon 

30 F 56 Ca rectum 

31 F 73 Ca colon 

32 M 79 Ca colon 

33 M 77 Ca colon 

34 F 60 Ca colon 

35 M 57 Ca colon 

36 M 77 Ca rectum 

37 F 55 Ca colon 

38 F 83 Ca colon 

39 F 61 Ca colon 

40 M 75 Ca colon 

4} M SI Ca colon ` 

42 M 59 Ca colon 

43 F 66 Ca colon 


Ca, cancer; Ca thyroid, papillary carcinoma of the thyroid gland; CML, 
chronic myeloid leukemia; AML, acute myeloid leukemia; HKL, Hodg- 


Patient Sex Age Diagnosis 
44 M 67 Ca colon 
45 F 72 Ca rectum 
46 F 69 Melanoma 
47 F 58 Melanoma 
48 F 33 Melanoma 
49 F 72 Melanoma ` 
50 M 43 Ca salivary gland 
5I F 58 Ca tongue 
52 F ie Ca lip 
53 M 59 Ca salivary gland 
54 M 68 Ca tongue 
55 F 64 Ca tongue 
56 F S1 Ca thyroid 
57 F 28 Ca thyroid 
58 M 63 Ca thyroid 
59 F 48 Ca salivary gland 
60 F 67 Ca tongue 
61 F 79 CML 
62 M 68 CML 
63 M 47 AML 
64 M 4I HKL 
65 M 79 CLL 
66 M 66 CLL 
67 M 68 CLL 
68 M 54 CLL 
69 F 70 CLL 
70 M 37 HKL 
71 M 72 CLL 
72 M 88 ALL 
73 F 51 NHL 
74 F 80 NHL 
75 F 28 NHL 
76 M 60 HKL 
77 M 47 SARC 
78 M 21 SARC 
79 M 67 SARC 
80 M 48 SARC 
81 M 76 SARC 
82 M 17 SARC 
83 F 86 SARC 
84 F 71 SARC 
85 F 32 SARC 


kin’s lymphoma; CLL, chronic lymphocytic leukemia, ALL, acuta lym- 
phocytic leukemia; NHL, non-Hodgkin’s lymphoma; SARC, sarcoma. 
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culated by assuming it occupied 5.9% of the patient’s body 
weight. !! 
A” 


Experimental Protocol 


All experiments involved the infusion of isotopes and 
the collection of blood samples. Multiple tracers were in- 
fused with each study, and each patient was studied once. 
Multiple tracers using the same isotopic label were not 
infused simultaneously; for example, '*C-urea and '4C- 
glucose. The rates of plasma glucose appearance and 
plasma glucose clearance were determined in all 85 pa- 
tients using a primed constant infusion of 6—°H glucose. 
The rate of net protein catabolism (NPC) was determined 
using a primed constant infusion of '*C-urea in 33 pa- 
tients, and the rates of plasma glucose oxidation and glu- 
cose recycling were not determined in these studies. The 
rates of plasma glucose oxidation and glucose cycling to 
lactate were determined in the remaining 52 patients. Be- 
cause this required the infusion of both 6—°H glucose and 
14C.labeled glucose, the rate of net protein catabolism in 
these patients was determined using a primed constant 
infusion of di-’°N urea. 

At the start of each study, a primed constant infusion 
of isotopes was commenced through a forearm vein and 
maintained for a minimum of 3 hours. Blood samples 
were taken over a 60-minute period after 120 minutes of 
isotope infusion. The blood then was immediately cen- 
trifuged and the plasma was frozen. 


Isotopes 


Glucose kinetics were assessed using primed constant 
infusions of '*C glucose and 6—7H glucose. !!>!3 The rate 
of net protein catabolism was obtained using primed con- 


Net 

Protein 
Catabolism 
(g/kg.day) 
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stant infusions of 'C-urea or di-'°N urea as we have de- 
scribed previously. !!*!? Plasma glucose and urea specific 
activity was determined as described elsewhere, 1%! as 
was the plasma enrichment of di-'°N urea.!*)!4 


Calorimetry 


Indirect calorimetry was performed using an ADC CO2 
Analyser (Hoddesdon, United Kingdom), and the rate of 
oxygen consumption in the postabsorptive state measured 
directly using a Sybron Taylor Oxygen Analyser (Herts- 
fordshire, United Kingdom). 


Statistical Analysis 


The degree of correlation between the estimated weight 
of tumor tissue present and the metabolic indices was 
determined using a regression analysis.!° 


Results 
Protein Metabolism 


A positive correlation (r° = 0.80) was found between 
the rate of plasma urea appearance and the rate of net 
protein catabolism and the bulk of tumor present 


(Fig. 1). 


Glucose Metabolism 


The bulk of tumor present was positively correlated 
both with the rate of plasma glucose appearance (r = 0.72; 
Fig. 2) and the rate of plasma glucose clearance (r° = 0.70; 
Fig. 3). A negative correlation (r? = 0.72; Fig. 4) existed, 
however, between the percentage of glucose uptake oxi- 
dized by tissue and tumor bulk, and this was associated 


R-~squared = 0.80 
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FIG. 1. Tumor bulk versus the rate of net protein catabolism in 85 patients with cancer. 


Vol. 215 * No. 3 ` TUMOR BULK AND THE METABOLIC RESPONSE TO CANCER 285 


R-squared = 0.72 
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Fic. 2. Tumor bulk versus the rate of plasma glucose appearance. Ra, rate of appearance. 
with a proportional increase in the percentage of tissue ' Discussion 
ae UPLNE recycled to lactate (r = 0.62; This investigation has shown that the abnormalities in 


energy/substrate metabolism seen in the oncology patient 
are closely related to the quantity of malignant tissue 
present. Patients with a small tumor bulk are metabolically 

The volume of oxygen consumed per minute was pos- similar to normal volunteers,! and the alterations in in- 
itively correlated with tumor bulk (r? = 0.79; Fig. 6). termediary metabolism characteristic of the oncology pa- 
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R-squared = 0.70 
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Fic. 3. Tumor bulk versus the rate of plasme glucose clearance. 
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R-squared = 0.75 
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Fic. 4. Tumor bulk versus the percentage of tissue glucose uptake oxidized to carbon dioxide. 


tient become increasingly marked as the tumor increases 
in size. | 

Although this investigation was nct conducted in a 
prospective manner, we believe it ts useful because a large 
standardized group of cancer patients have been studied; 
all of whom had histologically proven and accurately 
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staged cancers with no concomitant sepsis or endocrine 
disease. In this way, we have been able to eliminate a 
number of potentially confounding variables. In addition, 
this methodology enabled independent measurements of 
tumor weight by histopathologists assessing the resected 
specimen and radiologists reviewing diagnostic CT and 
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Fic. 5. Tumor bulk versus the percentage of tissue glucose uptake recycled to lactate. 
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R-squared = 0.79 
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FG, 6. Tumor bulk versus oxygen consumption in patients with cancer. 


ultrasound scans. Measurement of tumor bulk using this 
methodology, however, may have underestimated the to- 
tal volume of malignant tissue present in the patient with 
bulky metastatic disease. For this reason, although we have 
found a linear correlation between the measured meta- 
bolic parameters and tumor bulk, this relationship may 
become exponential in the large rapidly dividing tumor 
or in patients with large metastatic burdens. This is more 
consistent with the known kinetics of tumor growth.'® 

A progressive increase in oxygen consumption was seen 
with increases in tumor bulk. We have previously shown 
that patients with small colorectal cancers are normo- 
metabolic in comparison with normal volunteers,’ 
whereas patients with disseminated cancers and bulky lo- 
cal disease often display increased energy expenditure up 
to 25% above normal.”" Dempsey et al'® have empha- 
sized the considerable heterogeneity present in cancers of 
differing sizes by showing that patients with colorectal 
cancer may be normometabolic, hypometabolic, or hy- 
permetabolic. Increased tumor bulk, however, tended to 
be associated with increased oxygen consumption. Be- 
cause anaerobic glycolysis is characteristic of malignant 
tissue,'?° this increase in oxygen consumption may rep- 
resent increased aerobic demand of nonmalignant host 
tissue, possibly for an acute phase response.”! 

One of the key findings of our study revolves around 
the marked alterations in glucose metabolism associated 
with increasing tumor bulk. Increasing tumor bulk is ac- 
companied by a progressive decrease in the ability of the 
cancer patient to oxidize glucose completely to carbon 
dioxide, and there is a corresponding increase in the rate 


of glucose recycling to lactate. Other investigators have 
also documented similar findings in oncology patients.'*!? 
Glucose recycling to lactate is an energy-expensive process 
resulting in a deficit of 2 moles of adenosine triphosphate 
for each mole of glucose recycled,!’ and this results in a 
net energy imbalance. Anaerobic glycolysis is a charac- 
teristic of malignant tissue,!?° and it is likely that glucose 
cycling to lactate occurs in tumor tissue. The manufac- 
tured lactate is then cycled back to glucose in the host 
liver.” The changes in the fate of available glucose there- 
fore reflect increased use of available glucose by an in- 
creasing volume of tumor, leaving less glucose for oxi- 
dation by nonmalignant tissue. 

The increased demand for glucose in the cancer patient 
is met by increased hepatic glucose production. This is 
associated with an increase in the clearance of glucose 
from plasma. Kokal et al.* have shown that patients with 
advanced colorectal cancers have a significantly higher 
rates of glucose turnover when compared with patients 
with localized colorectal cancers. Similarly, Holroyde et 
al.” found that patients with weight-losing metastatic 
cancer had increased rates of glucose turnover and glucose 
cycling to lactate. The association between progressively 
increasing rates of protein catabolism and elevated hepatic 
glucose production suggests that the negative nitrogen 
balance characteristic of cancer cachexia™!? results from 
an increased rate of gluconeogenesis from amino acids. 
We have previously shown that there is an increased rate 
of gluconeogenesis from amino acids in advanced upper 
gastrointestinal cancer,’ and it is possible that the in- 
creased availability of substrate may “drive” hepatic glu- 
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cose production. In addition, there is evidence that the 
key hepatic gluconeogenic enzymes are induced in cancer- 
bearing animals.” 

The growth of malignant tissue results in progressive 
alterations in host energy/substrate metabolism that are 
directly proportional to the quantity of malignant tissue 
present. Carmichael et al? have suggested that growing 
tumor causes the translocation of host protein from skel- 
etal muscle to areas of accelerated protein synthesis, the 
most prominent of which is the tumor itself. In addition, 
cancer bearing 1s also associated with abnormal energy 
metabolism, and it is clear that in the cancer patient, as 
opposed to the starving normal volunteer, there is an in- 
creased reliance on amino acids as a metabolic fuel, cou- 
pled with increasingly inefficient use of glucose. In contrast 
to other forms of metabolic stress, the response to cancer 
bearing is “aggressive and progressive” rather than an “all 
or nothing response” seen in patients suffering from 
trauma and sepsis.”4 

In summary, this investigation has shown the following: 


1. Patients with small tumors usually have only minimal 
metabolic derangements. 

2. The degree of metabolic abnormality is strongly cor- 
related with the quantity of malignant tissue present. 

3. Progressive tumor growth is accompanied by an in- 


creased rate of glucose cycling to lactate and a corre- 


sponding decrease in the percentage of available glu- 
cose completely oxidized to carbon dioxide. 

4. The increased demand for glucose seen in patients with 
bulky tumors is met by an increase in hepatic gluco- 
neogenesis, and this 1s probably partly fueled by amino 
acids mobilized from muscle. 
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ADVANCES IN SURGICAL TECHNIQUE 





Endoscopic Transthoracic Sympathectomy 
in the Treatment of Hyperhidrosis 





ROBERT A. EDMONDSON, F.R.C.S., ANJAN K. BANERJEE, M.R.C.P., F.R.C.S., and JOHN A. RENNIE, M.S., F.R.C.S. 


A 5-year experience of 50 endoscopic transaxillary dorsal sym- 
pathectomies is presented. The procedure was successful in either 
curing or improving the symptoms of hyperhidrosis in the great 
majority of patients. The commonest side effects were compen- 
satory sweating (75%) and gustatory sweating (48%); despite 
this, there was an extremely high level of patient satisfaction. 
Permanent Horner’s syndrome did not occur. The procedure is 
effective, simple, cheap, and requires only an overnight stay; and 
is recommended as the method of choice for the surgical treat- 
ment of upper limb hyperhidrosis. 


YPERHIDROSIS MAY BE loosely defined as 

sweating above and beyond physiologic needs. 

Given the normal person-to-person variance of 
sweat production, it is difficult to be exact about a defi- 
nition. Subjectively, hyperhidrosis occurs when sweating 
is clinically noticeable under conditions where it would 
not normally be expected, or 1s excessive in response to 
heat or emotional stimuli.' There is a paucity of epide- 
miologic data on hyperhidrosis; although it has been sug- 
gested that the incidence may be as high as 0.6% to 1% 
in certain populations.” Not only can it cause psycholog- 
ical and social problems, it also may result in occupational 
and educational difficulties. 

It is important to distinguish secondary hyperhidrosis 
due to an underlying systemic illness from idiopathic or 
primary hyperhidrosis, usually occurring early in adoles- 
cence and characterized by excessive sweating in the hands 
(20%), axillae (37%), or both (43%), and often associated 
with plantar sweating.’ 

Hyperhidrosis has been reported as a symptom of cen- 
tral nervous system disorders with irritative lesions of the 
hypothalamus and hyperpituitarism. In addition, the 
sweats and fevers associated with many chronic disorders 
such as tuberculosis, lymphomas, and brucellosis are as- 
sociated also with alterations of hypothalamic activity. 
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in Surgery, Department of Surgery, Kings College Hospital, Bessemer 
Road, London SES 9PJ, England. 
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Systemically, increased sweating has been noted as a 
symptom of such diseases as diabetes and hypoglycemia, 
thyrotoxicosis, pheochromocytoma, and carcinoid. It is 
therefore important to exclude any underlying condition 
when evaluating a patient with hyperhidrosis. 

Nonsurgical treatment usually involves the use of top- 
ical astringents or absorbing powders, and these have 
proven very effective in the majority of mild cases. Medical 
management of more severe cases has included electro- 
phoresis, which provides temporary relief; plastic wraps 
in association with aluminum salts*; and systemic anti- 
cholinergic drugs, which although providing relief from 
the sweating, have side effects such as loss of accommo- 
dation and dry mouth, which are poorly tolerated.’ 

Operative procedures for axillary hyperhydrosis include 
the excision of the eccrine glands at the apex of the axilla” 
and subcutaneous curettage®; however, if palmar hyper- 
hydrosis is also to be treated, then sympathectomy is the 
only satisfactory and lasting surgical option. 

The sympathetic innervation of the eccrine glands of 
the palm and axillae lie in the ganglia T2 through T4. It 
is these ganglia that must be ablated at operation. There 
are at least six open surgical approaches to these ganglia 
described, all of which carry a significant morbidity rate. 
These include the anterior supraclavicular,’~’ the posterior 
paravertebral,'° posterior midline,'! anterior transtho- 
racic,'* axillary transthoracic,'*!* and the axillary extra- 
thoracic with first rib resection.'> Minimally invasive ap- 
proaches include percutaneous radiofrequency ablation,'® 
and endoscopic axillary transthoracic.!”'® 

Although thoracic sympathectomy has long been 
known to inhibit palmar and axillary sweating, the op- 
erative risks of this “radical” procedure often have been 
thought to outweigh the potential benefits in this benign 
condition. We present the results of our own minimally 
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FIG. 1. Division of an apical adhesion in the left hemithorax. 


invasive endoscopic technique and compare them with 
the morbidity of the open procedures. 


Patients and Methods 


Surgical Technique 


A preoperative chest x-ray is taken to exclude any lung 
pathology, especially that which might predispose to 
adhesions. If encountered, simple adhesions can easily be 
divided endoscopically (Fig. 1). 
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The patient is anesthetized using a double-lumen en- 
dotracheal tube, and is placed on the operating table with 
both arms abducted to 90 degrees. A head-up position 
will facilitate the apex of the lung falling away on deflation. 

A 0.5-cm incision is made in the anterior axillary line 
(to avoid the long thoracic nerve) over the third rib space. 
After clamping of the appropriate side of the endotracheal 
tube, a Verres’s needle is inserted. The lung is slowly de- 
flated over 2 to 3 minutes by instilling 2.0 L CO; into the 
interpleural space. In our experience, faster deflation has 
precipitated both ventilatory difficulties and hypotension 
(Fig. 2). 

The Verres’s needle then is removed and the laparo- 
scope inserted. The upper sympathetic chain is then easily 
visualized lying over the necks of the ribs, from the second 
to the fifth or sixth ganglia (Fig. 3). A small second incision 
of a similar size is then made over the fourth space and 
the diathermy probe inserted. In obese patients, identifi- 
cation can be assisted by palpation using the probe. The 
second, third, and fourth ganglia, and their interconnect- 
ing fibers, then are diathermied (Fig. 4). 

The lung then is reinflated under direct vision, and 
both incisions are closed with a single suture or Steristrips. 
A postoperative chest x-ray is performed in the recovery 
room to ensure no redevelopment of the pneumothorax. 
A unilateral procedure takes 20 to 30 minutes; a bilateral, 
approximately 45 minutes. The patients were discharged 
after overnight stay, although the procedure could be per- 
formed on a day admission basis. It has been our practice 
to perform the procedure on a unilateral basis, with con- 
tralateral sympathectomy undertaken 6 weeks later. With 


FIG. 2. Two-puncture technique with 
laparoscope in the anterior axillary 
line, third intercostal space, with the 
diathermy probe in the fourth space. 
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FIG. 3. Sympathetic chain and ganglia over the second to fifth ribs, right 
hemithorax. Note the collapsed azygous veins due to the head-up position. 


increasing experience, however, bilateral sympathectomy 
has been undertaken without serious complications. 

Patients then were contacted by a questionnaire or were 
interviewed. This included a linear analog scale to assess 
the completeness of the operation, and also the degree of 
trouble that any residual symptoms caused. Further ques- 
tions were asked to ascertain whether certain complica- 
tions had occurred. Patients were asked how long it took 
to return to work and sport, and also were given the op- 
portunity to comment on any other features of the op- 
eration and its results. 


Results 


The results of 50 sympathectomies for hyperhidrosis 
were assessed. These showed a 2:1 female:male ratio. The 
average age of the group was 29.3 years (range, 16 to 59 
years). The average length of follow-up was 26 months 
(range, 3 to 55 months). The distribution of symptoms 
showed that 52% of patients complained of sweating over 
their hands alone; 28%, axillae alone; and 24%, both areas. 

Immediate complications at operation were minimal. 
No problems were encountered with bleeding. Only one 
of the patients required a chest drain for a subsequent 
pneumothorax. No patient complained of discomfort suf- 
ficient to delay discharge the following day. Two patients 
complained of chest infections after discharge home, 
which were treated by their general practitioners. There 
were no significant wound infections postoperatively and 
no subsequent problems with scarring. 

Using linear analog scales, patients were asked to score 
both the right and left sides on a scale of 0 to 100 from 
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FIG. 4. Diathermy of the ganglion over the neck of the second rib, left 
hemithorax. 


“as bad as before” to “absolutely dry.” They were also 
asked how troubled they were by their residual symptoms 
(Table 1). 

It is worth noting that the patient who scored a 40% 
“response” and a 30% “relief” scored her contralateral 
side 100% for both. This would suggest a technical failure, 
probably as a result of incomplete ablation. A second pa- 
tient claimed absolutely no response at all in either axilla, 
which may represent poor patient selection. 

Patients then were asked if they had noticed any in- 
creased sweating over other parts of their bodies. Seventy- 
five per cent replied that there was an increase in sweating 
over their trunks, some complaining also of sweating over 
their thighs and feet. This sweating was usually associated 
with hot weather or exercise. Even those patients who 
described the sweating as excessive volunteered comments 
that it was far preferable to their original complaint. 

Patients were further asked whether they had experi- 
enced any new symptoms of sweating over their faces 
associated with eating. Forty-eight per cent said this was 
a new symptom, with a further 4% saying they had the 
feeling of sweating without actually perspiring. Many vol- 
unteered that spicy foods and cheeses were usually to 
blame. 


TABLE 1. Response and Relief Derived From the Linear Analog Scales 
in the Questionnaire 


Area Affected % Response (Range) % Relief (Range) 
Hands only 95.3 (72-100) 98.1 (95-100) 
Axillae only 71.3 (0-100) 77.0 (0-100) 
Both areas 84.5 (60-100) 90.2 (70-100) 
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One patient developed a temporary Horner’s syndrome 
after operation, which resolved spontaneously. In addi- 
tion, one patient did complain of a severe postoperative 
neuralgia unilaterally, whereas another complained of 
slight paresthesia at the top of the arm and over the 
scapula. 

Seventy per cent of patients returned to work within a 
week, and began playing their usual sports within 2 weeks. 

Ninety-two per cent of patients were extremely satisfied 
with the results of their operation. The patient who suf- 
fered the postoperative neuralgia was cured of her hyper- 
hidrosis. One patient’s axillary hyperhidrosis failed to im- 
prove after the operation. 


Discussion 


The use of dorsal sympathectomy in the treatment of 
hyperhidrosis produces consistently good results. Our re- 
sults compare favorably with those of open operations, 
giving between 89% and 100% resolution of sweating.” >°!0 

With the exception of technical failures, virtually all 
patients gain relief of their palmar sweating. Axillary 
sweating, however, seems less well controlled; residual 
sweating, although not usually troublesome, occurs in ap- 
proximately 20% of cases where sympathectomy is per- 
formed from T2 to T4 inclusive.? This theoretically may 
be improved by ablation of the T5 ganglion.!°? In doing 
so, however, the extent of compensatory sweating may 
well be increased. The importance of ablating T4 in the 
control of axillary sweating is supported by the fact that 
using the supraclavicular approach, which finds T4 rela- 
tively inaccessible, thereby confining ablation usually to 
T2 and T3,'® yielding results of only 8% complete axillary 
drying, and 78% partial drying.’ 

Axillary skin excision also may be used in conjunction 
with sympathectomy’; however, as a lone procedure it 
produces a 19% failure rate, with only “fair” results in a 
further 10% of patients.’ T4 is easily accessible endoscop- 
ically, and to excise axillary skin would negate the ad- 
vantage of minimal scarring and short hospital stay while 
only conferring a small additional benefit. 

The following problems were common to all sympa- 
thectomies, whatever the technique. 


Compensatory Sweating 


This occurred characteristically over the trunk and up- 
per thighs. It probably represents a thermoregulatory re- 
sponse and is a common occurrence, ranging from 37%, 
up to 75% in our own series.*° Thirty per cent of the 
patients described the sweating as excessive, especially on 
exercise and in hot weather, yet nearly all preferred this 
to their original complaint; several also mentioned that 
the sweating showed a tendency to improve with time. 
This may mirror some return of sweating to the palms 
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and axillae,?*!° which we also observed in 16% of cases. 


This was only minor and never approached the original 
hyperhydrotic state. 


Gustatory Sweating 


We found this to be far commoner than in previous 
reports. Only 2% of Kux’s patients complained of this 
being a problem’; however, on direct questioning some 
48% of our patients noticed this. A further two patients 
said they experienced the sensation of sweating when they 
ate, without actually sweating. Interestingly, many vol- 
unteered that cheeses and spicy foods were usually to 
blame. Frey’s syndrome, a similar problem after paroti- 
dectomy, is thought to be due to inappropriate regener- 
ation of nerve fibers!’; however, that seems unlikely in 
this case, where sweating occurs over any part of the face 
or neck. In addition, the “phantom sweating” experienced 
by some of our patients strongly suggests a central com- 
ponent. 

Postoperative Horner’s syndrome is largely a compli- 
cation of the supraclavicular approach. Mild, transient 
Horner’s is reported as often as 43%, with permanent 
symptoms occurring in from 2% to 8%.*"'® This is not a 
problem with either the open or endoscopic transaxillary 
techniques or the dorsal approach.*"'° In fact, the stellate 
ganglion is well protected by the dome of the pleura, and 
only the distal third is visible to the endoscope. It has been 
suggested that the high incidence of Horner’s syndrome 
in the open operations is due to anatomic variance. This 
is unlikely, because none of the transaxillary approaches 
carry an equivalent risk, and other studies have shown a 
decrease in the incidence of Horner’s with operative ex- 
perience. There was also one recorded case of phrenic 
nerve damage using the supraclavicular approach.'* Neu- 
ralgia is a rare occurrence but has been reported in other 
series. The exact mechanism of this is unknown. 

Chest drainage for pneumothorax occurred with a fre- 
quency of 4% to 6% for the supraclavicular operations,”*"® 
with 93% of patients requiring drainage after the open 
transaxillary approach.'* In our endoscopic series, we had 
to insert one chest drain (2%), other endoscopic series 
showing similar figures.* 

Wound infection rates endoscopically were negligible 
in both our series and that of Kux; however, open surgery 
showed a rate as high as 14%.'* Operative time varied, 
but the average for a bilateral open operation was 90 min- 
utes. This time was halved endoscopically. Hospital stay 
averaged 3 days!” to 7 days'* for open operation; endo- 
scopically, this was an overnight procedure, with 70% of 
patients back to work within | week. 

Our technique differs from that described by Kux? in 
several ways. The entire procedure is performed under 
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general anesthetic, with the patient in one position from 
the start of the operation. The use of CO, to produce the 
pneumothorax has the advantage that any residual gas 
left behind after the operation is rapidly absorbed. Using 
the double-puncture technique, a smaller laparoscope may 
be used, allowing greater mobility of movement within 
the tight intercostal space, and theoretically decreasing 
the chance of damage to the intercostal vessels and nerves. 
Advances in optics, however, may soon allow the devel- 
opment of smaller laparoscopes equipped with operating 
channels. 

In summary, the results of endoscopic sympathectomy 
compare favorably with those from all other open tech- 
niques. It has the added advantage of simple access to T4, 
which is important in the control of axillary sweating. 
The risk of neural damage, including Horner’s syndrome, 
is virtually absent. The short hospital stay and early return 
to work are significant financial benefits. It offers minimal 
postoperative discomfort and excellent cosmetic results 
in patients who fail medical management. The technique 
is easily learnt, and requires no additional capital outlay 
in a hospital already performing routine laparoscopy. Pa- 
tients should be warned of the potential side effects of 
compensatory and gustatory sweating, but they may be 
reassured that the vast majority of patients find these 
symptoms only a minor inconvenience in comparison 
with their original complaint. In view of its consequences, 
they also should be warned of the rare possibility of neu- 
ralgia. Because hyperhydrosis is essentially a benign con- 
dition, any operation must keep morbidity to a minimum. 
The endoscopic transaxillary approach seems to fulfill this 
criteria, while giving as good results as any of the open 
operations for palmar hyperhydrosis and better single- 
stage results if axillary sweating is to be controlled as well. 
Our results complement those of Byrne et al.,”’ confirming 
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the endoscopic transthoracic sympathectomy as the treat- 
ment of choice in the surgical treatment of hyperhidrosis. 
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William P. Longmire, Jr., M.D. 
Advisor for Editorial Board 
Los Angeles, California 


Principles & Practice of Surgery, 2nd Edition. A. P. M. Forrest, 
D. C. Carter, and I. B. Macleod. 729 pp. Naperville, Illinois: 
Churchill Livingstone, 1991. $42.00. 


THIS IS THE SECOND EDITION of this successful book, providing 
a text for undergraduates and early postgraduates studying sur- 
gery. The first edition (1985) was modeled on the established 
Davidson's Principles and Practice of Medicine. As an econom- 
ical paperback, an aim is to “update the work” and “keep pace 
with the rapidly changing developments in surgery.” It achieves 
some of this by use of simple line drawings (Anne McNeill). 
These are of high quality and are informative and supplement 
the text, which is well edited in a uniform style. There are no 
photographs or radiographs, which would add to the value of 
the text. One or two illustrations give unclear messages or de- 
pictions; for example, those showing onychogryposis and a mel- 
anoma. The skin graft coming through the mesher looks as 
though it is being converted into a seaweed rhizome! 

There are one or two mistakes that should not have crept 
through: it is “thallium,” not “gallium,” for parathyroid imaging, 
and laparoscopic cholecystectomy, not cystectomy—yet! I think 
it unfair to call the spleen friable—it is only friable in a surgeon’s 
hand or if it has been in an altercation with a motor car! Dif- 
ferences of opinion might be: that malignant ascites can be 
shunted as well as that due to other causes and that a bilateral 
posterior approach for bilateral adrenalectomy is easier and as- 
sociated with less morbidity than an anterior approach. 

The last sections of the book deal with urology, neurosurgery, 
practical procedures, and an apposite chapter on medicolegal 
matters. There are chapters that cover cardiothoracic surgery 
and transplantation. 

I wonder if the dynamics of writing, typesetting, and publi- 
cation would have allowed more mention of the surgically related 
problems to human immune deficiency virus (HIV) infection 
and the revolution in laparoscopic techniques. Both these areas 
are rapidly changing developments in surgery and should feature 
in future editions in much greater depth. Already in some in- 
stitutions students may not see an open cholecystectomy, and 
surgical trainees may well carry out the laparoscopic procedure 
never having performed open cholecystectomy. 

One only needs to have operated in the same theater as Joseph 
Lister to appreciate the surgical presence in the Royal Infirmary, 
Edinburgh. That presence is conveyed in this book by the three 
senior editors, who hold consultant posts in this institution. There 
are 12 other contributors, a few of whom work south of the 
Scottish border, and there are even contributors from Glasgow! 
The work is authoritative and easily read. It will be established 
and equivalent in stature to the much longer-standing Principles 
and Practice of Medicine. As with most things from north of the 
border, this is an amiable and effective Scottish Companion. 


JOHN R. FARNDON, B.SC., M.D., F.R.CS. 
Bristol, United Kingdom 


H. Kim Lyerly, M.D. 
Advisor for Residents in Surgery 
Durham, North Carolina 


Comprehensive Textbook of Oncology, 2nd Edition. Volumes 
| and 2. A. R. Moossa, Stephen C. Schimpff, and Martin C. 
Robson. 1918 pp. Baltimore: Williams & Wilkins, 1991. $175.00. 


IN THE PREFACE to the first edition, the editors state that their 
objectives were to present an overview of oncology that would 
be a starting point for a comprehensive understanding of cancer. 
In the second edition of this multi-authored, two-volume text, 
the editors have succeeded admirably in providing a masterwork 
of oncology, fulfilling their stated goals. 

The scope and complexity of the topics in this 1918-page text 
is exemplified by its 269 contributors. Nonetheless, the editors 
have been able to unify the book by its highly organized format. 
The book begins with new discussions about the basic concepts 
of cancer biology with comprehensive reviews of normal cell 
biology and control of growth to the molecular biology of tumor 
development, with special emphasis on viral carcinogenesis, on- 
cogenes, and the immunology of cancer. The next section is 
devoted to concepts of cancer evaluation, with specific chapters 
on screening and prevention, patient evaluation, and staging, 
with a specific section on tumor markers. There are specific 
chapters on techniques of pathologic evaluation and diagnostic 
imaging. This is followed by a long section on concepts of cancer 
therapy, including chapters on the principles of surgical therapy 
with detailed discussion about the use of lasers and cryosurgery. 
There are chapters on radiation therapy, chemotherapy, and 
other therapeutic approaches, including hypothermia, photo- 
dynamic therapy, and alternative and unorthodox methods of 
cancer therapy. 

After this broad overview of the principles of oncology with 
emphasis on basic biology and fundamental principles, the book 
then approaches specific neoplasms by organ system. These sec- 
tions are well written and address specific management of cancers 
in each of the organs, along with a section on the acquired im- 
mune deficiency and a section on childhood cancer. 

Finally, the authors discuss the complications of neoplasia 
and its treatments, along with ethical and socioeconomic issues. 
Also included are useful discussions of cancer staging, chemo- 
therapeutic and therapeutic regimens, and oncologic emergen- 
cies. These are appended to allow for easy access. 

Overall, this comprehensive textbook provides a firm foun- 
dation for the evaluation of patients with malignancy and is an 
essential requirement for all those with an interest in oncology 
and those caring for patients with cancer. Not only is the specific 
biologic basis for rational evaluation and management discussed, 
but the contributors have included updated bibliographies and 
very good illustrations when appropriate. The text is handsomely 
bound, and the size of the volumes allows for ease of use. 

In summary, the editors have clearly demonstrated their ability 
to provide a comprehensive textbook of an ever-enlarging topic. 
They are to be congratulated for updating us in such a timely 
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and concise manner. This book will predictably find wide use 
among oncologists and surgeons. 


H. KIM LYERLY, M.D. 
Durham, North Carolina 


A Color Atlas of Endovascular Surgery: Interventional Tech- 
niques in Vascular Disease. Rodney A. White and Geoffrey A. 
White. 200 pp. Philadelphia: JB Lippincott, 1990. $129.50. 


DRAWING ON THEIR unmatched experience in endovascular 
surgery, the authors have compiled a delightful book to illustrate 
the many facets of this burgeoning field. After an initial discussion 
of the theories of atherogenesis, there are chapters on intralu- 
minal access techniques, balloon angioplasty, lasers, atherec- 
tomy, and angioscopy. Shorter chapters deal with intravascular 
stents, other endovascular techniques (such as thrombolytic 
therapy), intravascular ultrasound, and laser tissue fusion. 

Visually, this very pretty book is filled—as the title implies— 
with colorful pictures. The technical quality of the illustrations 
is excellent. Line drawings, arteriograms, and photographs of 
techniques, instruments, gross specimens, histologic slides, and 
angioscopic images are all clearly reproduced and attractively 
displayed. Each of the 319 figures is accompanied by a well- 
written explanatory legend, located adjacent to the figure. As 
befits an atlas, the text is sparse, occupying only 20% to 30% of 
the average page. The entire volume can be read easily in one 
sitting. 

One ordinarily expects a surgical atlas to describe in some 
detail the steps necessary to perform an operative procedure. 
The reader of this book, however, will come away with only a 
vague notion of how to perform arterial catheterization, an- 
gioscopy, balloon angioplasty, atherectomy, or laser therapy. 
Although some theory and background data are provided, this 
material is of a superficial nature. Yet, the level of discussion 
presupposes a modicum of knowledge and a passing familiarity 
with technical jargon. For example, nowhere in the text are the 
terms YAG or excimer defined. The neophyte needs more sub- 
stantive information and much more detail than the book sup- 
plies, and the experienced endovascular surgeon will search in 
vain for “gems” that will help perfect his or her technique. In 
essence, the content resembles that of a well-illustrated “slide 
show,” familiar to those who attend continuing medical edu- 
cation lectures. 

This is the type of book that should grace a surgeon’s coffee 
table. It is fun to read, serves an introductory purpose, and the 
beautiful pictures can be used to illustrate endovascular surgical 
concepts, procedures, and instruments to patients, students, or 
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residents. Few, I expect, will turn to it frequently as a source of 
information. 


DAVID S. SUMNER, M.D. 
Springfield, Illinois 


The Spinal Cord Injured Patient: Comprehensive Management 
Bok Y. Lee, Lee E. Ostrander, George Van B. Cochran, and 
William W. Shaw. 360 pp. Philadelphia: WB Saunders, 1991. 
$70.00. 


THIS MULTI-AUTHORED and multi-edited book on spinal cord 
injury consists of 29 various chapters dealing with this important 
subject. Each chapter is well written, making the reading easy. 
The topics are quite varied. Certain subjects seem to receive 
more emphasis than is warranted, as evidenced by some of the 
chapter headings: for example, Chapter 20—The Role of Mat- 
tresses and Beds in Preventing Pressure Sores; Chapter 23— 
Paralysis Secondary to Abdominal Aortic Aneurysm, Chapter 
11—Renal Insufficiency in Patients with Spinal Cord Injury. 
Each of these topics are important, but should be subcategories 
of larger chapters. 

Spinal cord rehabilitation is covered in less than 40 of the 336 
pages. Chapter 2 on Deep Vein Thrombosis (DVT) seems a little 
thin. Pneumatic compression is addressed, but after the acute 
phase is over and the patient is begun on rehabilitation, DVT 
prophylaxis usually does not use this form of therapy. Also, the 
diagnostic efficacy of various tests available in suspected DVT 
would be helpful. 

Chapter 4 misses the new high-dose steroid data, which is 
probably a simple matter of publication deadlines. Chapter 10— 
Urology is a comprehensive treatment of the subject, as is Chap- 
ter 17 on pressure sores. Although short, Chapter 24 on reha- 
bilitation introduces most of the issues that arise in rehabilitation 
of individuals with spinal cord injury. 

There are extensive chapters on dealing with the surgical 
management of the acute spinal cord injury patient, and these 
are dealt with thoroughly and seem up-to-date. This book also 
provides a reasonable amount of information and alternatives 
to treating difficult problems of the spinal-cord—injured patient, 
for example, heterotopic ossification and autonomic dysreflexia. 

The rather new role of sports activities for the spinal cord 
injured is not covered. Also, attitude development of our society 
toward individuals with a “handicap” is only mentioned, but is 
a major issue with those who have a spinal cord injury. 

The photographs and geographic studies, including magnetic 
resonance imaging (MRI) scans, are an excellent addition to an 
up-to-date textbook. 


E. WAYNE MASSEY, M.D. 
Durham, North Carolina 
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problems encountered in practice. Clinical prob- 
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difficulties and complications. Leading authori- 
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unique approach identifies particular areas of 
difficulty and controversy and evaluates the 
best approach to treatment technique or 
procedure for a specific operation. Topics 
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Controversies and Advances in Primary 
Hyperparathyroidism 


disease in the United States. It is increasingly being 

recognized because of the widespread availability 
of multiphasic screening for hypercalcemia and double- 
antibody immunoassays for intact parathyroid hormone. 
Approximately 100,000 new cases are diagnosed each 
year, and women are affected twice as often as men. Sur- 
gery is the major potentially curative form of treatment. 
Because of the common occurrence of this debilitating 
and life-threatening disease, general surgeons play an im- 
portant role in the management of patients with primary 
hyperparathyroidism. 

In this issue of the Annals of Surgery, Kaplan and Ya- 
shiro update the reader on important issues in the man- 
agement of patients with primary hyperparathyroidism. 
Their review stresses the necessity of surgical “experience” 
for the successful management of these patients.’ Expe- 
rience is essential for diagnosis, identification of parathy- 
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roid glands, and determination of the true extent and na- . 
ture of the disease (hyperplasia versus adenoma versus: 


carcinoma). The review provides numerous helpful hints 
and suggestions for improved management of these pa- 
tients. From the standpoint of how to do it, it provides 
valuable information and is well worth careful consider- 
ation. There are additional current controversies and re- 
search in this fast-moving field that also should be con- 
sidered, however. This editorial will attempt to highlight 
a few of the more important recent developments that 
will likely affect the management of patients with primary 
hyperparathyroidism. 
Because of the use of multiphasic screening, many pa- 
tients with the biochemical diagnosis of primary hyper- 
parathyroidism are asymptomatic. These patients have 
minimally elevated serum levels of calcium and parathy- 
roid hormone, but do not have symptoms or signs of bone, 
renal, gastrointestinal, or neuromuscular disease. A ques- 
tion arises about the proper management of these patients. 
Who can be safely followed without surgery and should 
they be? These questions were recently addressed by a 
consensus development conference at the National Insti- 
tutes of Health.* The group stated that there is a popu- 
lation of patients with primary hyperparathyroidism that 
can be safely managed medically and should be carefully 


followed. Patients with only mildly elevated serum levels 
of calcium, no prior episodes of severe hypercalcemia, 
and normal renal and bone status are eligible for non- 
surgical management.” This is a controversial point and 
one that deserves more debate. First, the ability of metic- 
ulous surgery to cure patients has been unequivocally 
demonstrated over and over again, and the success rate 
is probably greater than 95%.” Second, the typical patient 
with no family history of endocrine or parathyroid disease 
who is diagnosed by screening most likely will have a 
parathyroid adenoma as a cause of the primary hyper- 
parathyroidism and will be more readily cured by surgery 
than the more complex patients with familial hyperpara- 
thyroidism and hyperplasia. Third, as a parathyroid sur- 
geon I have been impressed that patients with asymptom- 
atic primary hyperparathyroidism are not really asymp- 
tomatic. For example, patients have subtle symptoms like 
memory loss, personality change, inability to concentrate, 
exercise fatigue, back pain, and others that are not un- 
common in daily living, which may completely disappear 
with successful surgery. Finally, the surgery can be per- 
formed safely with very minimal complications (<1% 
recurrent laryngeal nerve injury rate), no transfusion 
requirement, and essentially no operative deaths. It is 
unclear whether careful follow-up with repetitive mea- 
surements of bone densitometry and chemistry determi- 
nations will be preferable over a simple surgical procedure 
that has a high likelihood of success, minimal complica- 
tion raze, and the possibility of relieving subtle, but po- 
tentially significant, symptoms. 

Another controversial point is the use of radiographic 
imaging studies to localize the abnormal parathyroid gland 
or glands in patients who are undergoing initial operations 
for primary hyperparathyroidism. Most experts agree that 
the use of imaging studies is not indicated and can be 
costly and misleading.’? However, many physicians 
commonly obtain these studies and use them to confirm 
the diagnosis of primary hyperparathyroidism and to de- 
termine whether or not to perform surgery. Imaging stud- 
ies cannot reliably accomplish either task. Noninvasive 
studies have a 15% false-positive rate and only a 60% true- 
positive rate, which are clearly inferior to surgery that has 
a 95% success rate.* The diagnosis is made solely by the 
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determination of abnormal serum levels of calcium and 
parathyroid hormone, and the decision to operate is based 
either on symptoms or unequivocal evidence of the dis- 
ease. Radiographic imaging studies do not have a role in 
either. 

Exciting new findings are providing insight into the 
cause and molecular pathology of primary hyperparathy- 
roidism. In patients with multiple endocrine neoplasia 
type 1 (MEN-1), hyperparathyroidism is caused by hy- 
perplasia of all four glands, and even patients whose re- 
maining glands appear to be normal have a tendency to- 
ward recurrent enlargement, because there is a 50% re- 
currence rate with long-term follow-up.’ A parathyroid 
mitogenic factor had been described in the plasma of pa- 
tients with MEN-1. This substance stimulates the prolif- 
eration of bovine parathyroid cells and resembles basic 
fibroblast growth factor.* However, polyclonal hyperplasia 
secondary to a growth factor is not the only cause of en- 
largement of parathyroid glands in MEN-1! patients, be- 
cause monoclonal enlargement has also been described.° 
Allelic loss (loss of heterozygosity) from chromosome | 1 
was found in most abnormal parathyroid glands from pa- 
tients with primary hyperparathyroidism in the setting of 
MEN-1. Ten of sixteen abnormal parathyroid glands from 
14 different patients had losses of alleles from chromosome 
11. Glands with losses were larger than those without, 
suggesting that a monoclonal growth may develop after 
a phase of polyclonal hyperplasia. Because the gene as- 
sociated with MEN-1! is also located on chromosome |1 1 
(11 q 13),°” it may normally inhibit tumor proliferation, 
and tumors could originate from inactivation of one or 
both alleles. 

Similar genetic anomalies also have been described re- 
cently in sporadic parathyroid adenomas: a novel gene 
rearrangement involving the parathyroid hormone gene 
on chromosome 118° and allelic loss from at least two 
regions of chromosome 11.°!° Allelic loss from chro- 
mosome 11 was found in a significant proportion of spo- 
radic parathyroid adenomas. This frequency of allelic loss 
has several implications. First, it is consistent with the 
theory of a monoclonal origin for parathyroid tumors. 
Second, it is also consistent with the hypothesis that in- 
activation of a tumor suppressor gene contributes to the 
initiation or evolution of benign parathyroid tumors. 
Analogous loss of the normal homologue of a growth sup- 
pressor gene has been observed in acoustic neuroma, colon 
carcinoma, Wilms’, and other tumors. Presumably the 
action of these genes is recessive at the cellular level. An- 
other, less common (3%) mechanism of parathyroid ad- 
enoma initiation is DNA rearrangement involving the 
` parathyroid hormone (PTH) gene. One of these DNA 
rearrangements has been shown to juxtapose the first in- 
tron of the PTH gene on the short arm of chromosome 
11 to band q13 on the long arm and form an oncogene 
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(PRAD-1).''!? PRAD-1 has been cloned and encodes for 
a protein of 295 amino acids with sequence similarities 
to cyclins,'? which act as stage-specific regulators of pro- 
gress across the cell cycle. PRAD-1 has been implicated 
in cancers, including breast and squamous cell carcinoma, 
but oncogenes have not previously been implicated in 
growth of benign tumors. Thus, the initiation of parathy- 
roid tumor growth is heterogeneous, from deletion of a 
suppressor gene in a Significant proportion of tumors, to 
induction of an oncogene in a minority of tumors.” !? 

Beside these most impressive advances in the molecular 
pathophysiology and initiation of parathyroid neoplasia, 
advances in the clinical and operative management of 
patients with parathyroid neoplasms also deserve attention 
and consideration. As mentioned, the diagnosis of primary 
hyperparathyroidism is dependent primarily on abnor- 
mally elevated circulating levels of PTH, and the current 
pathologic analysis of parathyroid glands (normal versus 
adenoma versus hyperplasia versus carcinoma) 1s, at best, 
an inexact science. Therefore, an intraoperative functional 
assay for the determination of surgical correction of hy- 
perparathyroidism is valuable. These assays are especially 
helpful during tedious reoperations on patients with para- 
thyroid hyperplasia who have a higher incidence of re- 
current disease and who have had abnormal glands re- 
moved at multiple institutions by different surgeons. In- 
traoperative determination of urinary cyclic adenosine 
monophosphate levels? or serum PTH levels’* have been 
shown to correlate with successful resection of all abnor- 
mal parathyroid tissue. These measurements provide the 
surgeon with functional confirmation of the outcome 
during the procedure. 

Another technical advance is the use of high-resolution 
near-field real-time ultrasound during reoperations for 
primary hyperparathyroidism. '° Intraoperative ultrasound 
(IOUS) is able to image abnormal parathyroid tissue and 
direct the surgeon to the parathyroid tumor. It is especially 
adept at detecting tumors that are within or near the thy- 
roid. It is valuable because it can take the place of extensive 
tedious dissection in scarred reoperative fields. We have 
found that approximately 20% of parathyroid adenomas 
removed during reoperation are within the thyroid and 
that IOUS will localize these tumors and allow resection 
without removing the entire thyroid lobe. Finally, another 
technical advance is the nonoperative management of 
mediastinal parathyroid adenomas by angiographic abla- 
tion. Angiographic ablation is the purposeful injection of 
extra contrast material into the feeding vessel of a para- 
thyroid tumor selectively to destroy it. At the National 
Institutes of Health, where there is a large experience with 
parathyroid reoperations and localization, radiologists 
have treated 27 patients with mediastinal parathyroid ad- 
enomas by this method.'® Long-term control of primary 
hyperparathyroidism was achieved in 17 (63%) with no 
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complications and minimal pain. The remainder could 
have the gland removed easily by median sternotomy. 
These results suggest that angioablation may be the initial 
procedure of choice for patients with mediastinal para- 
thyroid adenomas identified by angiography and that op- 
eration can be reserved for those who fail ablation. 

The management of patients with primary hyperpara- 
thyroidism has rapidly evolved since the first patient was 
treated surgically in 1925. The future appears to be with 
the use of sensitive molecular biology techniques to de- 
termine the origin of the disease and to develop new di- 
agnostic as well as localization techniques. As stated by 
Kaplan and Yashiro, an important criterion for successful 
surgical outcome is the experience of the operating sur- 
geon.’ The challenge for teaching hospitals and professors 
of surgery is transferring that experience to surgical resi- 
dents. Based on the high incidence of the disease, the fact 
that in most patients it is a progressive disease, and the 
potential curative outcome of surgery, the number of 
parathyroid explorations should continue to increase in 
the future. Young surgeons will not only need to know 
the principles of parathyroid surgery and technical options 
for more difficult cases, but they will need to understand 
the mechanisms of parathyroid tumorigenesis to continue 
to ensure excellence in the management of these patients. 
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Primary Hyperparathyroidism in the 1990s 


Choice of Surgical Procedures for This Disease 





EDWIN L. KAPLAN, M.D., TOHRU YASHIRO, M.D., and GEORGE SALTI, B.A. 


Many advances have occurred in recent years in the diagnosis, 
localization, and treatment of primary hyperparathyroidism. 
Several different operative choices for primary hyperparathy- 
roidism also have been proposed—a unilateral approach versus 
the standard bilateral parathyroid exploration. The unilateral 
approach is based on the concept that if an enlarged parathyroid 
gland and a normal gland are found on the first side of the neck. 
that is explored, then this is an adenoma and the second side 
should not be explored. Only if both glands on the initial side 
are recognized to be abnormal is the second side explored. The 
theoretical advantages of this unilateral approach are a decrease 
in operative morbidity rates—hypoparathyroidism and nerve in- 
juries—and a decrease in operative time. Furthermore, propo- 
nents argue that if persistent hyperparathyroidism occurs, the 
second side can be easily explored because it was previously 


untouched. In the hands of several expert parathyroid surgeons, 


excellent results have been achieved. However, the unilateral 
approach has a number of disadvantages. It places considerable 
pressure on the surgeon and pathologist, for they have only one 
parathyroid gland other than the large one to examine. There is 
a significant potential risk of missing double adenomas. or asym- 
metric hyperplasia because the second, ipsilateral parathyroid 
gland may appear normal or near normal in these conditions. 
This could lead to an increased incidence of persistent or recurrent 
hyperparathyroidism. Furthermore, a significant reduction of 
operative time may be questioned, especially when the time for 
performing special fat stains, which often are performed with 
unilateral explorations, is added. Finally, even if the intent is to 
perform a unilateral exploration, a bilateral exploration will be 
necessary about half of the time. The authors strongly recom- 
mend a bilateral parathyroid exploration for all patients under- 
going an initial parathyroid operation. In cases of adenoma, bi- 
lateral visualization of normal parathyroid glands and careful 
biopsy of only one of them will minimize hypoparathyroidism. 
This operative approach will lead to better results, especially 
for the less experienced parathyroid surgeon. 
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URGERY FOR PRIMARY hyperparathyroidism 

(HPT) is usually one of the most gratifying of all 

operations; however, at times, it can be one of the 
most frustrating. Parathyroidectomy has been practiced 
for about 65 years.! During that time, a great deal of 
knowledge of the anatomy, embryology, pathology, and 
physiology of this disease has been acquired. The mea- 
surement of circulating parathyroid hormone (PTH) by 
radioimmunoassay” made the diagnosis much easier. The 
use of newer assays for parathyroid hormone (midmole- 
cule and immunoradiometric assays [IRMA] assays)? and 
for parathyroid hormone-related peptide (PTH-RP),* 
which is elaborated by some nonparathyroid cancers, has 
made the diagnosis of primary HPT more exact and the 
chance of misdiagnosis far less common. Localization 
studies of enlarged parathyroid glands have improved in 
recent years,’ but problems of accuracy are still associated 
with their use. No single study in general use has been 
demonstrated to be more than about 80% accurate, and 
each procedure is associated with both: false-positive and 
false-negative results of varying incidences. 

In the face of these improvements, it is not surprising 
that changes in the philosophy and practice of parathy- 
roidectomy have been suggested. Foremost among these 
is the use of unilateral neck exploration,®’ often guided 
by localization studies,® if the surgeon thinks that an ad- 
enoma is present on that side. This report surveys the 
potential strengths and weaknesses of this approach and 
compares it with bilateral neck exploration. Because a 
randomized study comparing these surgical approaches 
has not been performed, the following comments repre- 
sent the opinions of the authors based on their personal 
experience and on a review of the literature. First of all, 
there is no substitute for experience. Although unilateral 


Vol. 215 + No. 4 


parathyroid exploration has been practiced with great 
success by experts such as Professors C. A. Wang® and 
Sten Tibblin,’ the authors believe that the chance of failure 
when practiced by less sophisticated parathyroid surgeons 


Jar outweighs any potential benefit. The use of bilateral’ 


neck exploration with careful, judicious use of parathyroid 
biopsy of only one normal appearing gland when an ad- 
enoma is present’ greatly decreases the chance of missing 
asymmetric hyperplasia or double adenomas, results in a 
low incidence of postoperative hypocalcemia, and gives 
superior results, especially for the less experienced para- 
thyroid surgeon. 


Historical Perspective 


In 1925, the first parathyroidectomy was performed in 
Vienna! on “Albert,” the now famous trolley car oper- 
ator. Albert had developed severe bone disease, a condi- 
tion that was thought by many pathologists at that time 
to be due to parathyroid insufficiency. Only after failure 
of injections of parathyroid extract and the failure of a 
parathyroid transplant was surgical excision considered. 
In 1925, a parathyroidectomy was performed by a young 
surgeon, Dr. Felix Mandl. One large gland was removed, 
and the operation resulted in symptomatic improvement 
of Albert’s condition for about 6 years; then his bone 
problems recurred.!! 

The first patient who was operated on in the United 
States for primary hyperparathyroidism was a merchant 
marine captain, Charles Martell.!* Over the years, Captain 
Martell had developed a debilitating bone disease, with 
severe pain, “brown tumors,” fractures, and kyphoscoli- 
osis. He was recognized to have hypercalcemia and hy- 
pophosphatemia. These blood abnormalities, it was noted, 
were similar to changes that occurred when parathyroid 
extract was given to children with chronic lead poisoning 
to mobilize lead from their bones. They too developed 
hypercalcemia and low circulating phosphate levels. Thus 
it was postulated that Martell had an overactivity of the 
parathyroid glands. Unaware of the successful parathy- 
roidectomy in Vienna, doctors at Massachusetts General 
Hospital explored his neck in 1926." Unfortunately, only 
normal structures were found. Five other unsuccessful 
neck operations were performed over the following years 
until, in 1933, a large parathyroid gland was found in his 
mediastinum. Ninety per cent of it was resected; the re- 
maining part was intentionally left in place to try to pre- 
vent tetany. Despite this, as might be expected in a patient 
with very severe bone disease, postoperative tetany oc- 
curred. Six weeks later, Charles Martell died in chronic 
renal failure after an operation to remove a kidney stone 
that had blocked his ureter. 

How ironic it seems that the first two patients who were 
operated on for primary hyperparathyroidism had serious 
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difficulties associated with their surgical therapies. The 
same problems still concern us even today. Albert appears 
to have demonstrated recurrent hyperparathyroidism. 
Charles Mariell had an ectopic parathyroid adenoma and 
required multiple neck operations with removal of most, 
if not all, of his normal parathyroid glands before it was 
found in his chest. Severe hypocalcemia, which was dif- 
ficult to treat, followed removal of most of this mediastinal 
tumor. 


Prevalence 


Primary HPT is no longer an uncommon disease. In 
fact, it appears to be the most common cause of hyper- 
calcemia in nonhospitalized patients. It occurs in about 
1 in every 500 women over 40 years of age and in about 
l in every 2000 men.’ 


Symptoms 


When first described, primary HPT was a disease of 
the bones. It soon became apparent, however, that kidney 
stones were more common than severe bone disease. 
Gradually other symptoms and signs were added to this 
syndrome, largely because of the work of Oliver Cope!* 
and his associates (Table 1). Later, an increased incidence 
of chondrccalcinosis, pseudogout, and gout was recog- 
nized as well. 

As medizal students, we all learned that primary HPT 
is associated with “painful bones, renal stones, abdominal 
groans, and psychic moans.” Today many other individ- 
uals are discovered to have this disorder because of the 
recognition of hypercalcemia on multiphasic chemical 
blood screening tests. Many of these patients are thought 
to be “asymptomatic” by their physicians. By this des- 
ignation, many physicians mean that they have none of 
the classical symptoms and signs that are listed in Table 
F. However, a careful history often discloses subtle or even 
profound symptoms of fatigue, weakness, depression, 


TABLE 1. Clues to the Diagnosis of Hyperparathyroidism in the 
First 343 Cases at the Massachusetts General Hospital 


Clue No. of Cases 

Renal stones 195 
Bone disease 80 
Peptic ulcer 27 
Fatigue 10 
Pancreatitis 9 
Central nervous system signs 7 
Hypertension 6 
Mental disturbance 3 
Multiple endocrine abnormalities 3 
No symptoms (routine laboratory test) 2 

] 


Lump in neck 





Reprinted with permission from Cope.'4 
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polyuria, polydipsia, arthralgia, or constipation.’ Further 
testing often shows an accelerated course of osteoporosis. 
Studies from Uppsala," for example, have documented 
that alterations in neurotransmitter levels comparable to 
those found in endogenous depression are present in pa- 
tients with primary HPT. These abnormalities, they have 
shown, revert to normal after successful parathyroidec- 
tomy. Thus, the definition of “asymptomatic” in patients 
with primary parathyroidism often differs according to 
“the eye of the beholder.” 


Diagnosis 


To be successful, the clinician must diagnose those in- 
dividuals who have primary hyperparathyroidism and 
distinguish them from the many others who have hyper- 
calcemia of other causes (Table 2). The diagnosis of pri- 
mary HPT is usually made by findings of elevated serum 
calcium levels associated with elevated parathyroid hor- 
mone concentrations. The newer assays for circulating 
parathyroid hormone have made the diagnosis of primary 
HPT much more secure. In our laboratory, an elevation 
of midmolecular PTH in patients with hypercalcemia has 
correlated very well with primary hyperparathyroidism. 
The newer, double-antibody IRMA assays? that measure 
intact PTH may be even more exact, for they are less 
influenced by the presence of renal failure or renal im- 
pairment. Using this new assay, it may be possible to 
measure changes in circulating PTH intraoperatively after 
removal of all abnormal parathyroid glands to assure that 
the operation has been curative. This procedure has not 
yet been perfected, however. 

The importance of properly measured serum calcium 
values in the chemistry laboratory cannot be overempha- 


TABLE 2. Differential Diagnosis of Hypercalcemia 


Malignancy 
Solid tumors with or without bony metastases 
Multiple myeloma 
Lymphomas and leukemias 
Endocrine 
Hyperparathyroidism 
Hyper- and hypothyroidism 
Addison’s disease 
VIPomas, pheochromocytoma 
Granulomatous disease 
Sarcoidosis 
Tuberculosis 
Increased intake 
Calcium 
Vitamin D and vitamin A intoxication 
Milk alkali syndrome 
Miscellaneous 
Benign familial hypocalciuric hypercalcemia 
Paget’s disease with immobilization 
Thiazides 
Lithium 


Reprinted with permission from Clark and Duh.° 
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siz2d. Sometimes hypercalcemia may be subtle, although 
symptoms such as repeated kidney stones may be severe. 
The better laboratories usually have upper levels of serum 
calcium concentrations of 10.3 mg/dL or less. In most 
such laboratories, the diagnosis of normocalcemic hyper- 
patathyroidism is very uncommon. In cases of hypopro- 
teinemia, an elevation of ionized calcium levels may be 
diaznostic of primary HPT in the face of normal total 
calcium levels. 

Serum phosphate levels are low in about 80% of cases. _ 
Alkaline phosphatase values are not often elevated, only 
when severe bone disease is present. In virtually all cases 
of primary HPT, the urinary calcium output is 200 mg/ 
day or greater when the patient eats a standard diet. Values . 
lower than these are suggestive of familial hypocalciuric 
hyrercalcemia,'° a condition that should not be treated 
surgically. 

£. list of the differential diagnoses of hypercalcemia is 
shown in Table 2. A detailed discussion of each disease 
stat2 is beyond the scope of this paper. It should be ob- 
served, however, that although metastatic bone disease is 
the nost common cause of hypercalcemia in hospitalized 
patiznts, primary HPT is the most common cause of hy- 
percalcemia among outpatients’ and is the second most 
common cause in the hospital setting. An uncommon but 
difficult problem in the past has been the fact that some 
tumors elaborate a PTH-like peptide that is thought to 
be the cause of hypercalcemia. A recently discovered pep- 
tide. PTH-RP,* can be measured in the blood of many 
suck patients and can be used to differentiate them from 
others with primary HPT; thus inappropriate parathy- 
roid2ctomy can be avoided. 


Indications for Parathyroidectomy 


Tae purpose of the parathyroidectomy in primary HPT 
is to restore the patient to a normocalcemic, euparathyroid 
state and to reverse the symptoms associated with this 
disease. With correction of the hyperparathyroid state, 
mos but not all of the symptoms and signs of the disease 
are reversed'”!® (Table 3). Bone disease (osteitis) is uvi- 
verselly benefited. Roentgenographic evidence is seen of 
healing of bone cysts; the “salt and pepper” osteolysis of 
the s<ull, and subperiosteal bone resorption are corrected. 
Patients with nephrolithiasis develop far fewer new stones. 
Renzi function also has been shown to improve in some 
studizs, but not in all. Malaise, fatigue, weakness, and 
depression, often classified as neuropsychiatric symptoms, 
improve or disappear in as many as three fourths of pa- 
tients. Up to half of all peptic ulcers will improve or heal. 
Unic acid levels decrease in many individuals. Nausea, 
polyuria, polydipsia, and constipation are frequently re- 
lieved. Only hypertension, seen in many patients with 
this disease, is not benefited in most patients with primary 


hyperparathyroidism. 
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TABLE 3. Response of Symptoms and Signs to Parathyroid Surgery at 5-Year Follow-up 


Preoperative Prevalence (%) 


Ronni-Sivula 
and Sivula 
Symptoms and Signs (n = 289) 
Osteitis 4 
Pancreatitis 2 
Renal calculi 34 
Neuropsychiatric* 61+ 
Constipation 14 
Peptic ulcer 3 
Hypertension 31 
Impaired renal function 14 
Asymptomatic 35 


* Includes fatigue, lethargy, malaise, weakness, depression, headache, 
irritability, and confusion. 
t+ Combines malaise, fatigue, and weakness in 46% plus depression in 


Because of the success of parathyroidectomy, most cli- 
nicians believe that if a patient is symptomatic and is not 
a prohibitive medical risk, a parathyroidectomy should 
be performed. Some differences of opinion exist about 
the value of parathyroidectomy for patients who are 
asymptomatic. Scholz and Purnell!’ at the Mayo Clinic 
demonstrated, for example, that about half of the asymp- 
tomatic patients with clear hyperparathyroidism who 
could be successfully followed for 10 years developed some 
problem associated with their disease. They recommended 
parathyroidectomy in such patients because follow-up was 
difficult and the operation was very successful at their 
institution. Other studies have demonstrated the value of 
parathyroidectomy in patients with primary hyperpara- 
thyroidism and asymptomatic osteoporosis, as measured 
by bone densitometry.”° Not all investigators agree, how- 
ever.'® Thus, the value of parathyroidectomy in truly 
asymptomatic patients is still being debated. All agree, 
however, that the most important prerequisite for success 
is an experienced parathyroid surgeon. 


Pitfalls for the Surgeon 


Difficulties associated with parathyroidectomy for pri- 
mary HPT relate to the variability in the number of para- 
thyroid glands, the different locations of normal and 
pathologic glands, and problems distinguishing normal 
glands from others that are subtly diseased. To be suc- 
cessful, a parathyroid surgeon must have an excellent 
knowledge of the anatomy, embryology, and pathophys- 
iology of the parathyroid glands. 


Number of Parathyroid Glands 


Gilmour,”’ in an extensive autopsy study, found that 
roughly 80% of individuals had four glands, 6% had five, 
and 13% had three. Two glands or six glands were present 


Long-term Improvement (%) 


Laffe-ty and Ronni-Sivula Lafferty and 
Hubay and Sivula Hubay 
(n = 100) (n = 289) (n = 68) 

6 100 100 

3 100 100 
18 90 92 
21 T2 71 
15 63 70 
16 25 ' 45 
48 3 7 
15 43 0 
49 0 0 

15%. 


Adapted frem Lafferty and Hubay.!® 


very rarely. Other anatomists and surgeons have found 
more than six glands to be present in some cases. This 
variability creates difficulties for the surgeon in several 
situations. First of all, four normal glands may be present 
in the neck, whereas a fifth, a supernumerary gland, which 
is adenomatous, may be present in the mediastinum. This 
situation accurred in 5 of 14 mediastinal parathyroid ad- 
2nomas that were reported from the Mayo Clinic prior 
to 1970,” for example. 

A second example in which the number of glands plays 
an important role is in primary parathyroid hyperplasia. 
Particularly in the multiple endocrine neoplasia type 1 
(MEN-1) or other familial syndromes, recurrent hyper- 
parathyroidism occurs frequently, even after subtotal re- 
section of parathyroid glands in the neck.” A thymec- 
tomy must be included as part of the standard parathy- 
roidectomy for this condition to remove other parathyroid 
glands that might be present in this tissue. 


Location of Parathyroid Glands 


Embryology. The upper parathyroid glands arise em- 
bryologically from the dorsal part of the fourth branchial 
pouches, along with the lateral lobes of the thyroid, the 
ultimobranchial bodies?!” (Fig. 1). They descend only 
slightly during embryologic life along with the thyroid 
and continue to remain in close association with the upper 
portion of the lateral thyroid lobes. Because of their rel- 
atively circumscribed migration, their position in adult 
life remains quite constant. 

The lower parathyroids arise from the dorsal part of 
the third branchial pouches along with the thymus and 
they descend with the thymus. Because they travel so far 
in embryologic life, they have a very wide range of dis- 
tribution in the adult. They may be found all the way 
from just beneath the mandible anterior to the carotid 
artery bifurcation, to the pericardium (Fig. 2). When the 
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Fic. 1. (A and B) Schematic representation of the embryologic shifts in 
locations of the thyroid, parafollicular, and parathyroid tissues. (C) Ap- 
proximate adult position. Reprinted with permission from Sedgwick and 
Cady. 


lower parathyroid gland descends into the mediastinum, 
it 1s almost always anterior to the recurrent laryngeal 
nerve. 

Location of Normal Glands. The average weight of a 
normal parathyroid gland ts 35 to 50 mg. Some may be 
slightly heavier. They can be thought of as being about 
half the size of one’s little fingernail; thus they are small 
and they can be difficult to identify. Normal glands are 
usually yellowish-brown and sometimes look like fat, par- 
ticularly to the inexperienced eye. They are also difficult 
to find because of their various possible locations. 

In most cases, the normal upper gland may be found 
on the posterior portion of the middle third of the thyroid, 
usually toward the superior part of this area, either under 
a delicate fascia on the thyroid lobe or on a projecting 
nodule*!** (Fig. 3A, B). It usually is found cephalad to 
the inferior thyroid artery and close to the recurrent la- 
ryngeal nerve as it enters the larynx. 

The normal inferior parathyroid glands are more 
variable”! (Fig. 3A, B). In somewhat more than 50% of 
cases, the lower parathyroid is found on the lateral or 
posterior surface of the lower pole of the thyroid gland, 
or not more than 0.5 cm below the lower pole. The next 
most common location, in 12.8% of the cases, is within 
1 cm below the lower pole of the thyroid. In most of the 
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remaining individuals, the lower parathyroid gland is 
found within the tongue of the thymus (called the thy- 
rothymic ligament). The tongue of the thymus usually 
can be identified just below the lower pole of the thyroid 
gland on each side, adjacent to the inferior thyroid veins. 
Less frequently, normal inferior parathyroids can be lo- 
cated in the superior mediastinum. within the thymus. 
Finally, rarely they are found high in the neck, the so- 
called undescended parathyroid glands. 

Gilmour” found that the parathyroids occasionally are 
included within the thyroid capsule or lie beneath it. 


Upper 
g\ Parathyroid 
(Stationary) 


Lower 
Parathyroid 
(Migratory) 


ii 


Some possible 
locations for the 
lower parathyroid a 


gland \ i 


Fic. 2. Descent of the lower parathyroid. The upper parathyroid occupies 
a relatively constant position in relation to the middle or upper third of 
the lateral thyroid lobe, but the lower parathyroid normally migrates in 
embryonic life and may end up anywhere along the course of the dotted 
line. When this gland is in the chest, it is nearly always in the antertor 
mediastinum. Reprinted with permission from Kaplan.” 
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Fic. 3. (Left) Most frequent locations for the normal parathyroid (anterior 
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Sometimes, a parathyroid is completely covered by the 
thyroid. These intrathyroidal lesions usually involve the 
inferior parathyroid glands. Normal lower parathyroid 
glands are usually anterior to the recurrent laryngeal 
nerves, whereas the upper parathyroid glands are usually 
situated more posteriorly. 

Abnormal Parathyroid Glands. When parathyroid 
glands enlarge and become adenomatous or hyperplastic, 
their position can change.” Large upper parathyroid 
glands frequently fall back, posterior to the recurrent la- 
ryngeal nerve and under the inferior thyroid artery, and 
are found along the esophagus down into the posterior- 
superior mediastinum. Lower parathyroid glands are dis- 
placed into the anterior-superior mediastinum, either 
separately or along with the thymus gland. Usually they 
remain anterior to the recurrent laryngeal nerves. 

Although 80% to 85% of parathyroid adenomas are 
found adjacent to the thyroid gland in their normal lo- 
cations, 15% to 20% are ectopically placed. Ectopic glands 
can be found in the anterior-superior mediastinum, either 
within or outside of the thymus, along the esophagus into 
the posterior-superior mediastinum, or very rarely in the 
middle mediastinum.” Uncommonly they can be found 
within the carotid sheath or even /ateral to the carotid 
sheath.”? Rarely, an “undescended” lower parathyroid 
gland is found high up in the neck, anterior to the carotid 
artery bifurcation. Finally, 3% to 5% of all parathyroid 
adenomas are intrathyroidal, usually within the lower pole 
of the thyroid gland. Fortunately, most of these can be 
felt or recognized as a mass within the thyroid lobe, but 
in other instances they are found only after thyroid ex- 
cision or thyroidotomy. Locating and removing ectopic 
parathyroid glands during the initial neck operation re- 
mains one of the major pitfalls to successful parathyroid 


surgery. 
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Pathology of Primary Hyperparathyroidism 


One of the most difficult aspects for the surgeon-is the 
recognition of the’ pathologic process that is present, for 
appropriate treatment is dependent on this. Primary hy- 
perparathyroidism may be due to a parathyroid adenoma, 
to hyperplasia of the parathyroid glands, or rarely to a 
parathyroid carcinoma. The symptoms of the disease are 
similar regardless of the actual cause. 

Originally in the treatment of hyperparathyroidism, all 
patients were believed to have either single or multiple 
adenomas or water clear hyperplasia, the latter being a 
condition rarely if ever diagnosed today. Primary chief 
cell hyperplasia was not recognized as an entity until Cope 
and co-workers described it in 1958.3 Hence, studies that 
include data from before this time are misleading, for 
multiple enlarged glands were usually called multiple ad- 
enomas instead of hyperplasia. 

In the late 1960s and early 1970s, the difficulties of 
diagnosing mild chief cell hyperplasia pathologically be- 
came evident. As shown in Table 4, the prevalence of 
chief cell hyperplasia varied considerably in series from 
different institutions, from 3% to 65%. It was finally con- 
cluded that the pathologists were being greatly influenced 
by the operation that was performed.?! When subtotal 
parathyroidectomy was performed routinely, more hy- 
perplasia was diagnosed. When a more conservative op- 
eration was performed with removal of a single gland, it 
was most likely called an adenoma. The importance of 
mild hyperplasia and the best way of diagnosing this con- 
dition are questions that still are being debated.*? 

Today, however, it is generally agreed that primary HPT 
is caused by a single adenoma in 80% to 85% of cases and 
that chief cell hyperplasia is found in 15% to 20% of cases. 
In the MEN-1, MEN-2A and the familial hyperparathy- 


TABLE 4. Relative Frequency of Parathyroid Adenoma, Hyperplasia, and Carcinoma in Reported Series 


No. of 

Author and Year Patients 
300 
Goldman et al., 1971 100 
Krementz et al., 1971 788 
Hoehn et al., 1969 350 
Davies, 1974 250 
Palmer et al., 1975 307 
Myers, 1974 185 
Werner et al., 1974 129 
Wang, 1976 431 
Romanus et al., 1973 274 
Block et al., 1974 121 
Bruining, 1971 242 
Haff and Armstrong, 1974 35 
Esselstyn et al., 1974 100 
Haff and Balinger, 1971 74 
Paloyan et al., 1973 84 


Reprinted with permission.” 
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roidism syndromes, hyperplasia is the rule. Parathyroid 
cancer is found in less than 1% of cases in many series, 
including the authors’ experience,” but makes up 3% to 
5% of others. Perhaps it is being overdiagnosed in some 
institutions. 

Classically, an adenoma has been defined pathologically 
as an enlarged gland with a rim of normal tissue. However, 
Roth? and other pathologists state that this histologic ap- 
pearance can be found in cases of hyperplasia as well, and 
that it is not possible to tell the difference between hyper- 
plasia and adenoma from looking at only one gland; other 
glands must be examined. 

The greatest differences of opinion relate to what con- 
stitutes mild hyperplasia and whether or not mildly hy- 
perplastic glands are of physiologic importance.** Some 
pathologists consider normal-sized or mildly enlarged 
glands to be hyperplastic if they do not contain enough 
extracellular fat. Others do not feel that such glands are 
necessarily abnormal, and consider the amount of 
intracellular fat to be the most important criterion in this 
differentiation.** Some pathologists use fat stains or os- 
mium stains at the time of frozen section to evaluate in- 
tracytoplasmic fat in normal-appearing or mildly enlarged 
glands. However, the validity of these techniques has not 
been accepted by all pathologists, and they present some 
technical complexities as well. Many pathologists and 
surgeons believe that the differentiation of a mildly hy- 
perplasic from a normal gland by frozen section exami- 
nation is very difficult. 

The major problem for the surgeon at the time of op- 
eration is to differentiate an adenoma from chief cell hy- 
perplasia, or single gland disease from multiglandular dis- 
ease of the parathyroids. In general, most experienced 
surgeons think that by evaluating the size, shape, and color 
of the parathyroid glands at operation, they can distinguish 
normal glands from abnormal ones. If one gland is en- 
larged and the others are perfectly normal visually and 
by biopsy with frozen section, this is an adenoma. If all 
glands are enlarged this is hyperplasia (or multiglandular 
disease). 

A significant difficulty at the time of operation is that 
the glands of parathyroid hyperplasia may be asymmetric; 
not all of the glands exhibit the same degree of enlarge- 
ment. Some, in fact, may appear normal or near normal. 
Bruining” has demonstrated that two and three gland 
enlargements were present in a number of his cases (Fig. 
4) Each of these patients had one or more normal or near 
normal appearing glands. Most authors agree that double 
adenomas?’ occur in 5% or fewer cases; however, others 
believe that this represents a form of multiglandular dis- 
ease. Thus, because the microscopic differentiation of an 
adenoma from hyperplasia is dificult when examining 
one enlarged gland and because frozen section differen- 
tiation of mild hyperplasia from normal is also very dif- 
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SINGLE GLAND ENLARGEMENT 
IN 433 PATIENTS 


111 109 112 101 






DOUBLE TUMORS IN 106 PATIENTS 
A B C D E F 
8 32 12 28 9 17 


TRIPLE TUMORS IN 43 PATIENTS 
G H | J 
6 9 8 20 


FIG. 4. Location of parathyroid tumors in a series of 582 patients. Re- 
printed with permission from Bruining.” 
















ficult, most surgeons believe that they play the major role 
as diagnostician as well as therapist. Obviously, the more 
glands the surgeon can see and evaluate, the more reliable 
will be the diagnosis and, hence, the treatment. 


Localization Procedures 


Clark and Duh’ have written an excellent summary of 
the advances that have been made in the preoperative 
localization of parathyroid tumors. With experienced ra- 
diologists and modern equipment, about 75% to 80% of 
all parathyroid tumors can be localized using either ul- 
trasonography, thallium-technetium scanning, magnetic 
resonance imaging (MRI) or computed tomography (CT). 
In the best studies, using multiple techniques, as many as 
80% to 90% of single parathyroid tumors have been iden- 
tified. 

In every series, however, both false-positive and false- 
negative results have been obtained. The tests are best 
when a single parathyroid gland enlargement is present, 
when the tumor is larger than | g in weight, and when 
no thyroid nodules are present. Only 20% of multiple 
gland enlargements are correctly identified. Thus, local- 
ization studies of patients with hyperplasia can be very 
misleading. Other problems relate to the small size of 
many parathyroid tumors, their position deep in the neck 
or chest, and the fact that thyroid nodules are frequently 
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present, especially in elderly female patients, the very in- 
dividuals who have the highest prevalence of primary hy- 
perparathyroidism. 

Ultrasonography is very operator dependent. Although 
experts may localize 80% or more correctly, others with 
less experience correctly localize far less than half. This 
technique is good only in the neck, and is best when a 
10-mHz real-time, small parts scanner is used. It usually 
cannot identify small lesions, especially those deep in the 
neck or behind the esophagus. It cannot be used for lesions 
under the sternum. In some centers, needle aspiration of 
the suspected tumor is performed under ultrasound guid- 
ance. Cytologic examination and parathyroid hormone 
measurement of the aspirate may add to the certainty of 
the findings. The appearance of an intrathyroidal para- 
thyroid on ultrasonography is shown in Figure 5. 

Thallium-technetium scanning, although done in many 
hospitals, is very difficult to do well. Thallium (7°'T]) is 
taken up by both the thyroid and by enlarged parathyroid 
glands, whereas technetium (”’™Tc) pertechnetate is taken 





FiG, 5. Intrathyroidal parathyroid adenoma. (Top) Visualized preoper- 
atively within the right thyroid lobe by sonography. The parathyroid 
adenoma (arrow) appears hypoechoic relative to the surrounding thyroid 
tissue. Courtesy of Dr. David Yousefzadeh. (Bottom) Gross appearance 
of a different intrathyroidal parathyroid adenoma. T, thyroid; P, para- 
thyroid adenoma. 
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up only by the thyroid. Images with each isotope are ob- 
tained and then the technetium scan is subtracted from 
the thallium scan by computer analysis. What remains is 
the image of the enlarged parathyroid gland. 

Potential problems with this technique create false- 
positive results in 10% to 20% of the cases. The patient 
must not move; for this reason we use a harness. Thyroid 
nodules interfere with the subtraction procedure. We have 
found, however, that this scan, when done well, is excellent 
for imaging ectopic parathyroid glands, those away from 
the thyroid gland (Figs. 6 and 7). 

Although we have used CT examinations less fre- 
quently, these can be of value especially for mediastinal. 
substernal tumors (Figs. 7 and 8). Magnetic resonance 
imaging examinations do not require contrast material, 
and parathyroid tumors are usually bright on T2-weighted 
imaging (Fig. 9). In our experience, small tumor size, 
movement of the carotid arteries, and technical difficulties 
associated with the lower neck and upper chest make MRI 
examination less rewarding. 

Venous catheterization with blood sampling for para- 
thyroid hormone has largely been replaced by the other 
modalities; however, it still plays a role in lateralizing the 
side of the disease in very difficult cases. Arteriography is 
rarely done in our experience because of the potential for 
severe complications. Finally, we have not found toluidine 
blue or methylene blue used intraoperatively to be of 
value. 


To Localize or Not To Localize 


There is no question that localization studies should 
be used before all reoperative parathyroidectomies, or 
when one is contemplating parathyroidectomy in a patient 
who has had extensive thyroid surgery in the past (Fig. 
10). This latter situation is not uncommon, because low- 
dose radiation to the neck is known to be followed by an 
increased incidence of both thyroid cancer and primary 
HPT.*°*’ The mean latency period for development of 
the hyperparathyroidism is longer than for thyroid cancer, 
so that a number of individuals who have had total or 
near-total thyroidectomy may later need a parathyroid- 
ectomy. Correct localization of the enlarged parathyroid 
gland before reoperative parathyroidectomy, as reported 
by Levin and Clark,’ was between 45% and 68% for the 
various tests. Combinations of tests were better. Thus, 
although not perfect, localization studies greatly aid the 
surgeon and are mandatory before reoperative surgery. 

When operating in the “virgin neck,” most surgeons 
agree that there is no need to do localization studies. 
Common localization studies are about 75% to 80% ac- 
curate when done well. Because virtually all expert para- 
thyroid surgeons cure 95% or more of such patients al- 
though they have not had localization studies, one could 
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FIG. 6. Localization of ectopic parathyroid adenomas by thallium-technetium scanning. (Top) Adenoma of the left neck lateral to the carotid sheath 
(arrow), anterior (left) and lateral (right) views of the neck. Reprinted with permission from Udekwu et al.” (Bottom left) Undescended right lower 
parathyroid adenoma (arrow) located at the carotid bifurcation. The thyroid gland is seen clearly inferior to the adenoma. (Bottom right) Intrathymic 
parathyroid adenoma (arrow), seen inferior to the thyroid gland and superior to the heart. Courtesy of Drs. James Ryan, William Martin, and 


Malcolm Cooper. 


argue that the best localization procedure is to find an 
excellent parathyroid surgeon. Furthermore, it has not 
been demonstrated uniformly that localization tests save 
time intraoperatively. Finally, the cost of both an ultra- 
sound and a thallium-technetium scan at our institution 
is nearly $1100.00. On the other hand, by doing ultra- 
sound preoperatively, a small number of intrathyroidal 
parathyroid adenomas may be localized, whereas a thal- 


lium-technetium scan may recognize the occasional “‘ec- 
topic” gland. We use these studies especially in cases of 
hyperparathyroid crisis, for example. Thus, although not 
cost effective, preoperative localization tests may help a 
small number of patients. 

There is a potential down-side, however, to the routine 
use of preoperative localization testing in patients who 
have not previously had surgery. Apparent localization of 
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one enlarged gland may serve as an invitation for the in- 
experienced surgeon to venture into the neck to remove 
that gland, perhaps not realizing that hyperplasia may be 





FIG. 8. Cystic mediastinal parathyroid adenoma (arrow) causing tracheal 
compression as seen by computed tomography. 
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FIG. 7. Mediastinal parathyroid adenoma found in the thymus gland at 
the level of the root of the pulmonary artery. (Left) Localization by 
thallium scintigraphy (arrow). (Right) Visualization of parathyroid ad- 
enoma (arrow) by computed tomography. 


present. Remember that multiglandular disease is missed 
by localization studies in 80% of cases.’ The first explo- 
ration is the best time to cure the hyperparathyroid state; 
the second parathyroidectomy is always much more dif- 
ficult and less successful than the first. 


Strategy of the Initial Parathyroid Exploration 


The role of the surgeon in the first parathyroid explo- 
ration is to remove the offending gland or glands and thus 
cure the disease, or to assure himself or herself that no 
abnormal parathyroid tissue remains in the neck or in 
any ectopic location that might be reached by this expo- 
sure at the conclusion of a negative exploration. 


Subtotal Parathyroidectomy 


In the early 1970s, the incidence of parathyroid hyper- 
plasia was found to be very high in a number of series.” 
Paloyan and Pickleman?’ proposed that correction of this 
condition required subtotal parathyroidectomy for all pa- 
tients if persistent and recurrent hyperparathyroidism were 
to be prevented. Although this operation could be per- 
formed with very low morbidity rate by many of its pro- 
ponents, in the hands of other surgeons, perhaps those 
less experienced, it resulted in a higher incidence of post- 
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FIG. 9. Left cervical parathyroid adenoma (arrow) located by magnetic 
resonance imaging. This lesion is bright on T2-weighted imaging. 


operative hypoparathyroidism. The subsequent use of 
cryopreservation of parathyroid tissue with the possibility 
of later reimplantation, and the use of autotransplan- 
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tation of parathyroid tissue at the time of the initial op- 
eration,*! have greatly diminished this problem. Perhaps 
as a reaction to the proposal that all patients require sub- 
total parathyroidectomy, however, other operations were 
proposed or reexamined. 


Unilateral Neck Exploration for Adenoma 


Unilateral neck exploration is now practiced in 17% of 
the major parathyroid centers around the world, but 
mostly in Scandinavia and other European centers.” 
Wang? and Tibblin et al.’ have long advocated that only 
one side of the neck be explored when an adenoma and 
a normal gland are found on the same side. These surgeons 
have considerable experience, and in their hands, the re- 
sults of operation are excellent. They contend that the 
unilateral approach reduces operating time and hence, 
patient costs. Furthermore, they believe that the morbidity 
rate (recurrent laryngeal nerve injuries and postoperative 
hypoparathyroidism) is lessened, and the results of para- 
thyroidectomy are just as good as with bilateral explora- 
tion. Reoperation, they believe, is not a problem, because 
the second side was untouched. 

Wang” recently presented data that demonstrated that 
he performed a unilateral exploration in 70% of 800 first- 
time parathyroid explorations for adenoma. In these op- 
erations, he had a 4% failure rate. In 30% of the time 
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FIG. 10. Thallium-technetium scan of a 40-year-old man who underwent low-dose radiation therapy for tonsillitis as a child. At age 35, he was found 
to have papillary thyroid cancer and underwent a curative total thyroidectomy followed by radioiodine therapy. Five years later, primary hyper- 
parathyroidism was diagnosed. On technetium scanning (right), no uptake is seen, signifying the absence of a thyroid gland. On thallium imaging 
(left), the parathyroid adenoma is visualized on the left side of the trachea. Reprinted with permission from Kadowaki et al.” 
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when an adenoma was present, (262 of 800 cases), he 
performed a bilateral operation, either because he explored 
the wrong side first, because the second gland on the ip- 
silateral side could not be identified, or because the ade- 
noma was in an ectopic position. Six per cent of these 
262 patients had persistent hyperparathyroidism, largely 
due to ectopic parathyroid adenomas in the mediastinum. 
This is clearly a superb series. If one adds the patients 
who had hyperplasia to the 30% who required exploration 
of both sides for adenoma, however, it should be noted 
that, in as many as 50% of all cases of primary HPT, 
Professor Wang performs a bilateral neck exploration. 

Potential problems exist with unilateral neck explora- 
tions. These include failure to recognize hyperplasia. As 
shown in Figure 4, hyperplasia often may be asymmetric. 
The second gland might look very normal to the surgeon, 
especially to an inexperienced surgeon. The surgeon has 
only one gland other than the large one to evaluate and 
thus could easily misinterpret it. Wang proposes the use 
of a “gradient solution” in which a normal gland floats 
and a hyperplastic gland sinks. Tibblin et al.*? emphasize 
the use of fat stains during frozen section. There also may 
be a failure to recognize double adenomas, a setting in 
which the two other glands are perfectly normal. These 
occur in 2% to 5% of cases in some series***> and in 9% 
of patients over 65 years of age in the Michigan series.*° 
Both hyperplasia and cases of double adenoma are much 
easier to diagnose, opponents argue, if both sides are ex- 
amined. It has been estimated that exploration of the sec- 
ond side adds only 12 to 20 minutes of operating time. 
Finally, the practice of using localization studies to de- 
termine the side of the enlarged gland followed by uni- 
lateral exploration on this basis® may lead to increased 
numbers of patients with persistent or recurrent hyper- 
parathyroidism, for localization tests only recognize 20% 
of the cases of hyperplasia.° 

Thus, there are potential dangers for those who use this 
technique, especially for the inexperienced surgeon. We 
tell our residents that when they are as experienced as 
Professors Wang and Tibblin, they may use a unilateral 
approach. Until then, they and we should look at both 
sides of the neck. 


Bilateral Operations 


In a recent survey, 83% of major centers performing 
parathyroidectomies for primary HPT reported that they 
use a bilateral neck exploration.*” This. they believe, per- 
mits a better assessment of the pathologic process that is 
present. 


Initial Neck Exploration—The Authors’ Approach 


All surgeons agree that a parathyroidectomy should be 
performed in an unhurried, careful, delicate way. The op- 
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erative field should be kept as blood free as possible. At 
the University of Chicago Medical Center, a bilateral op- 
eration has been the rule. If one gland is enlarged and the 
others are normal, this is an adenoma. In the last 10 years, 
our operative approach for adenoma has changed. In the 
late 1970s, our aim was to search for all normal glands 
when an adenoma was present and to carefully perform 
biopsies on each of them. This technique was modified 
in the early 1980s, when we demonstrated that a lesser 
degree of transient postoperative hypocalcemia occurred 
when all normal glands were visualized but when biopsies 
were done on only one or two of them.’ We continue to 
be very pleased with this “middle ground approach,” 
which was favored by two thirds of North American para- 
thyroid centers in a recent survey.** In recent years we 
have performed biopsies on fewer normal glands. 

If four glands are found to be enlarged, this is hyper- 
plasia. In such cases, at least a subtotal parathyroidectomy 
is necessary. Three glands and part of the fourth are ex- 
cised, leaving a well-vascularized remnant of about 50 mg 
tissue. Each thymic tongue also should be excised rou- 
tinely as part of this procedure, to be certain that super- 
numerary parathyroid glands are not present. The partial 
resection of the parathyroid gland that is to be left always 
should be performed first, so that one can see that the 
remnant remains well vascularized before removing the 
other three glands. In cases of familial hyperparathyroid- 
ism or the MEN-1 syndrome, one should strongly consider 
doing a total parathyroidectomy with an autotransplant 
of parathyroid tissue to the arm, as recommended by Wells 
et al. This technique is advantageous because it is known 
that recurrent hyperparathyroidism occurs with some fre- 
quency, especially in patients with these familial, genet- 
ically induced syndromes.”*** If graft-dependent hyper- 
parathyroidism recurs in the arm, this area can be explored 
under local anesthesia without the risk of a recurrent nerve 
injury, as would occur if the neck were re-explored. Wells 
et al.** recommend this approach for all cases of hyper- 
plasia, familial and otherwise. 

So-called double adenomas occur in a nonfamilial set- 
ting when two glands are enlarged and two others appear 
perfectly normal, grossly and histologically. This multi- 
glandular disease is curable by removal of both enlarged 
parathyroid glands and biopsy of the two normal ones. 


Search for Ectopic Parathyroid Glands 


If an adenoma cannot be found in the usual locations 
at exploration, each normal parathyroid gland should be 
explored by biopsy and marked, and after positive iden- 
tification as parathyroid tissue on frozen section, a dia- 
gram should be made of its location for later reference. 
Do noi remove normal parathyroid glands; this compli- 
cates the situation when the adenoma is ultimately found. 
If three normal parathyroid glands are found and the 
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fourth cannot be located, the surgeon should assess 
whether an upper or a lower parathyroid gland on that 
side is missing. 

Very frequently, it is an adenoma of the upper para- 
thyroid gland that is overlooked. This may be found pos- 
terior to the esophagus, or it often falls down along the 
esophagus into the posterior-superior mediastinum. The 
mistake in this situation is that the dissection was not 
carried out deeply enough, back to the prevertebral fascia 
of the neck. When this is done near the upper pole of the 
thyroid, a finger can be inserted safely behind the inferior 
thyroid artery and posterior to the recurrent laryngeal 
nerve. In many instances, an adenoma is palpable beside 
or behind the esophagus, and this gland can be pulled up 
and easily removed. 

If the missing gland is the /ower parathyroid gland, as 
much of the thymus as possible should be pulled up into 
the neck and resected, because the inferior adenoma often 
is found within the thymus. If the adenoma still cannot 
be found, the dissection should be carried up in a cephalad 
direction to the hyoid bone, where occasionally an ‘“un- 
descended” lower parathyroid adenoma is found anterior 
to the carotid artery bifurcation. If this is still nonreward- 
ing, the carotid sheath should be opened from the level 
of the clavicle upward. Occasionally, a parathyroid ade- 
noma will be found, which cannot be palpated, because 
it is flattened out like a pancake. The area of the neck 
lateral to the jugular vein also should be explored, for we 
have identified two patients who had a parathyroid ade- 
noma in this unusual location.”’ Finally, the thyroid lobe 
on the side of the missing gland should be carefully pal- 
pated. Any lump within the thyroid should be excised, 


for this might represent an intrathyroidal parathyroid ad- ° 


enoma. Even if no lump is present, a “blind” subtotal 
resection of the thyroid lobe on the side of the missing 
gland should be performed. Sometimes a nonpalpable 
parathyroid adenoma will emerge. Others use a thyroi- 
dotomy and incise the lower pole of the thyroid rather 
than resecting it. 

Remember that even if four normal glands are found 
in the neck, the surgeon should search all of these ectopic 
sites for a fifth gland that is adenomatous. Similarly, if 
four hyperplastic glands are found, these same sites should 
be explored because supernumerary glands may be 
present. 

Only rarely should a sternotomy and formal medias- 
tinal dissection be done as part of the first exploration. 
This procedure is probably indicated only if the patient 
is extremely ill from hypercalcemia that cannot be ade- 
quately managed medically. The reasons for this approach 
are several. First of all, rarely the diagnosis of hyperpara- 
thyroidism might be in error. Second, occasionally hy- 
percalcemia regresses or is eliminated by the first neck 
exploration, despite the fact that no abnormal parathyroid 
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tissue has been removed. This probably occurs when an 
adenoma is infarcted by accidental ligation of its arterial 
supply. Finally, it is well known that in almost all cases 
of persistent hyperparathyroidism, the offending gland or 
glands can later be removed through a neck incision, par- 
ticularly if the first surgeon is not very experienced in this 
area. This approach is clearly illustrated in the Mayo Clinic 
series? in which, until 1970, 1000 parathyroid explora- 
tions were performed and only 12 required a sternotomy, 
an incidence of 1.2%. At the Massachusetts General Hos- 
pital,“ 21% of cases of primary hyperparathyroidism in- 
volved ectopically placed parathyroid adenomas. Almost 
all of these, however, could be removed through a neck 
incision. Thus, do not rush to do a sternotomy as part of 
the first operation. 


Reoperation for Persistent or Recurrent 
Hyperparathyroidism 


Before reoperating, a number of factors that should be 
considered”: 


i. Be certain that the patient has primary hyperparathy- 
roidism and not some other hypercalcemic state. 

2. Be certain that the severity of the hyperparathyroid 
state warrants the risk of reoperative surgery. 

3. Be certain that the patient does not have familial hy- 
pocalciuric hypercalcemia. If so, do not reoperate. Such 
patients are cured of hypercalcemia only by total para- 
thyroidectomy and they usually have few complica- 
tions of their disease state. 

4. Carefully read the previous operative note and pa- 
thology report and understand how many normal or 
abnormal parathyroid glands on each side were iden- 
tified histologically and how many of them were re- 
moved. Review the pathologic slides if at all possible. 
Is this a case of a missing adenoma, incompletely 
treated hyperplasia, or even a recurrence of a carci- 
noma? 

5. Use localization studies extensively. 


Strategy and Technique 


Reoperations of the neck are more difficult because of 
the scarring, changes in anatomy, and loss of tissue planes 
that occur as a result of the first exploration, whether it 
was for a thyroid or a parathyroid disorder.**** 4 Fre- 
quently, for example, the strap muscles will be densely 


adherent to the anterior surface of the thyroid lobes, mak- 


ing entry into the usual anatomic planes more difficult. 
Furthermore, the recurrent laryngeal nerve is in greater 
jeopardy because it may be encased in scar tissue, but 
especially because it might lie immediately beneath the 
strap muscles if the thyroid lobe was previously removed. 
Always evaluate vocal cord function preoperatively in 
such cases. Finally, because one’s knowledge of how many 
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viable parathyroid glands remain in the neck after the 
first exploration is often limited, the chance of creating 
permanent hypoparathyroidism after removal of one or 
more abnormal parathyroid glands found at re-explora- 
tion is increased. 

Usually there is not a rush to reoperate, and it is better 

to allow some time to pass to permit the wound to heal, 
to re-evaluate the diagnosis, to perform localization test- 
ing, and to assess the findings of the previous operation. 
The location of parathyroid adenomas that were removed 
by Wang® at reoperation are shown in Figure 11. 

When reoperating, we almost always explore the neck 
again first, unless an adenoma is localized to the medias- 
tinum or to another ectopic site preoperatively. When an 
experienced parathyroid surgeon did the initial operation 
and was “certain” that the lesion was not in the neck, it 
is much more likely to be found in an unusual location. 

The prior transverse neck incision is used and subpla- 
tysmal flaps are elevated. The strap muscles are often ad- 
herent to the thyroid lobes; hence, instead of separating 
them in the midline, it is often easier to use a “lateral 
approach, as described by Fiend,’”*° and to dissect the 
vertical plane between the sternocleidomastoid muscle 
and the strap muscles (Fig. 12). Not infrequently, this 





FIG. 11. Location ofall parathyroid adenomas found at reoperation after 
failure to cure hyperparathyroidism initially, as described by Wang. 
Note that most of these glands could be removed through a neck incision. 
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Fic. 12. During reoperative parathyroid operations, the strap muscles 
are often fixed to the surface of the thyroid lobes, making their usual 
mobilization difficult. Hence, rather than dissecting the midline, it is 
often easier to enter the plane between the strap muscles and the ster- 
nocleicomastoid muscle, an area that is often unscarred and allows easy 
access to the recurrent laryngeal nerve and to the parathyroid glands. 
Adapted from Kaplan.” 


plane is totally unscarred, and by retracting the carotid 
sheath laterally and the thyroid gland medially, a “fresh” 
area containing the recurrent laryngeal nerve and para- 
thyro:d glands sometimes will be entered. If this area is 
scarred, the dissection should be started as low in the neck 
as possible, because this region is often untouched. Once 
the recurrent nerve is identified, it can be safely followed 
in a cephalad direction. If the adenoma was not localized 
beforehand, a bilateral neck exploration may be necessary 
if it can be done safely. In the case of either positive lo- 
calization or retrospective determination of the side of 
the neck of the missing gland, the cervical dissection might 
be stazted there initially and might be unilateral if an ad- 
enoma is found or if the dissection is technically very 
difficult. 

One of the most rewarding maneuvers, one that should 
be done early, is to look for an upper parathyroid gland 
that has fallen down into the posterior superior medias- 
tinum. Introduce one’s finger downward behind the in- 
ferior thyroid artery along the esophagus into the posterior 
mediastinum as far as one can reach. Often the missing 
adenoma can be palpated here before it can be seen. This 
is the area in which many missing adenomas are found 
because the initial dissection was not carried out deep 
enough. 

If this is unsuccessful, all of the sites already described 
under the heading The Search for Ectopic Parathyroid 
Glands should be explored.** This involves pulling up 
and removing the thymus on each side into the neck, 
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dissecting as high in the neck as the hyoid bone, removing 
a part of one or both thyroid lobes, and opening and ex- 
ploring the carotid sheath areas and even lateral to the 
carotid sheath. A careful neck re-exploration done in this 
manner will almost always yield the missing adenoma or 
the elusive hyperplastic gland or glands that remain. 

Before the operation, consent should be obtained for a 
possible sternotomy, if that is your plan. Either a partial 
sternotomy to the third intercostal space or a complete 
sternotomy can be performed. First, the thymus and sur- 
rounding fat pads should be palpated. On several occa- 
sions, we were able to feel a mass, which proved to be the 
missing adenoma, and only a partial thymectomy was 
necessary. Otherwise, the entire thymus should be re- 
moved. If the parathyroid gland is not found therein, a 
posterior dissection then should be performed. Lesions 
have been found between the aorta and pulmonary ar- 
tery, in the middle mediastinum,”* and even, very rarely, 
in an intrapericardial location.” Needless to say, these 
dissections can be very long and tedious. 

When an adenoma is found in the neck or chest, it 
should be totally removed. If at least one additional nor- 
mal gland remains viable after the first operation, the pa- 
tient will be normocalcemic with normal postoperative 
parathyroid function. This fact stresses the importance of 
not removing normal parathyroid glands during an un- 
successful initial operation. 

If hyperplastic glands are identified at reoperation, a 
subtotal parathyroidectomy can be performed. Others 
prefer a total parathyroidectomy, arguing that if recur- 
rence were to occur in a remnant that is left, this would 
necessitate a third neck operation. If total parathyroid- 
ectomy is used, or after removal of an adenoma when 
one thinks that no other parathyroid tissue remains, one 
has the option of either immediately autotransplanting 
some of the abnormal parathyroid to the arm after con- 
firming that it is not a carcinoma," or else cryopreserving 
the tissue and waiting to see whether or not hypocalcemia 
occurs postoperatively.“ If permanent hypoparathyroid- 
ism occurs, a subsequent autotransplant to the arm would 
be employed. 

Either of these approaches has advantages and disad- 
vantages. In our hands, cryopreservation has not been 
developed to the extent described by Wells et al.*° and 
Brennan et al. Furthermore, reimplantation of tissue 
that has been cryopreserved is not always successful. 
Hence we would be more likely to use immediate auto- 
transplantation if it were thought to be necessary, but only 
if we believed strongly that a// other parathyroid tissue 
had been removed from the patient. The long-term prev- 
alence of recurrent hyperparathyroidism when part of an 
adenoma or of a hyperplastic gland is used as an auto- 
transplant to the arm remains a fruitful area for study. 


PRIMARY HYPERPARATHYROIDISM IN THE 1990S 


315 
Surgery for Parathyroid Cancer 


Parathyroid cancer accounts for less than 1% of cases 
of primary HPT at the University of Chicago Medical 
Center and elsewhere, but has been reported to occur in 
up to 6% of cases in other series.” A carcinoma often 
presents as a “sticky,” adherent gland at operation. Often 
a thick, dense, fibrotic, whitish capsule is present. 

If recognized or suspected intraoperatively, one should 
not enter its capsule, for local seeding of tumor is a com- 
mon occurrence. The gland should be removed widely, 
taking the ipsilateral thyroid lobe with it. Ipsilateral lymph 
nodes should be dissected in the central compartment 
and perhaps in the lateral neck as well, for nodal spread 
can occur. Distant spread occurs to the lungs, bone, brain, 
and elsewhere. If hypercalcemia recurs after any parathy- 
roidectomy for parathyroid carcinoma, metastases should 
be aggressively localized and resected,”' because there is 
no good therapy other than surgical excision. In general, 
death occurs from unrelenting hyperparathyroidism with 
all of the complications of this disorder, rather than from 
tumor spread itself. 


Results of Parathyroidectomy for Primary 
Hyperparathyroidism 


There is no question that the results of parathyroid- 
ectomy for primary hyperparathyroidism relate to the ex- 
perience of the operator. In a recent report from Scan- 
dinavia,°* this is clearly shown. In centers that specialize 
in endocrine surgery, 90% of patients were normocal- 
cemic, with mean follow-up of 4.4 years after their initial 
parathyroidectomy—6% were hypercalcemic and 4% were 
hypocalcemic. In contrast, in a general Scandinavian sur- 
vey of all hospitals done at roughly the same time and 
with similar follow-up, 76% of patients were normocal- 
cemic. In hospitals in which less than 10 operations for 
primary hyperparathyroidism were done each year, only 
70% were normocalcemic at follow-up— 15% had persis- 
tent or recurrent hyperparathyroidism and 14% had per- 
manent hypoparathyroidism. 

In a number of other studies from centers that have 
considerable experience in parathyroid surgery, approx- 
imately 95% of patients or more can be rendered nor- 
mocalcemic by the initial operation.” At the Uni- 
versity of Chicago, for example, over 97% of the last 300 
patients who had their initial exploration at our Institution 
were normocalcemic, 1 month or longer after operation. 
Recurrent hyperparathyroidism occurs infrequently in 
nonfamilial cases,'*:?? but remains a problem in familial 
hyperparathyroidism and in others with the MEN-1 syn- 
drome.” In experienced hands, the complication rate is 
low in these initial operations. Permanent recurrent la- 
ryngeal nerve injuries occurred in less than 1%.!852 Per- 
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manent hypoparathyroidism has been reported to be 2% 
or less in a number of series, but is higher in others.'® 
Finally, the operative mortality rate is consistently far less 
than 1%.!8 


Reoperations for persistent or recurrent hyperparathy- 


roidism are more difficult and have a greater potential for 
hypoparathyroidism, for recurrent nerve injuries, and for 
failure.“ Using advanced localization studies, however, 
up to 90% of these tumors may be found and corrected, 
in the best of series.*° 


Thus, the results of parathyroid surgery for primary 


hyperparathyroidism in the 1990s are excellent when done 
by experienced surgeons. As stated by Malmaeus and co- 
workers,” “These findings strongly advocate special 
training and interest in parathyroid surgery in order to 
ensure success.” 
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The impact of our evolving health care system on a commonly 
performed surgical procedure, cholecystectomy, was assessed in 
a county-subsidized and private university hospital setting. Al- 
though condition on admission, use of resources, and outcome 
were unchanged in the private setting between 1980 and 1988, 
significant differences were noted among the largely uninsured 
patients at the county facility during this same time interval. 
There was a significant increase in the acuity of illness among 
patients undergoing cholecystectomy at the county hospital in 
1988 as compared with 1980. These data suggest that alterations 
in reimbursement strategies and allocation of resources are sig- 
nificantly impacting on patient care, particularly in nonprivate 
health care facilities. 


URING THE PAST decade, the American health 
D care delivery system has been challenged by an 

evolving socioeconomic environment. Re- 
cent changes in reimbursement strategies and government 
fiscal priorities, coupled with increasing health care costs, 
have resulted in limited access to health care for segments 
of our population and forced the closure of many regional 
health centers.” ” The consequent overcrowding of hos- 
pitals, emergency rooms, and clinics has reached crisis 
proportions in many urban areas. The effects of rising 
health care costs in combination with limited hospital 
reimbursement would be expected to be most profound 
in the inner-city setting, as well as in county- or other 
government-subsidized hospitals.*? The magnitude of this 
problem is underscored by the recent development of a 
Congressional Committee to deal with this issue,'° and 
the realization that over 35 million Americans are cur- 
rently uninsured. !!!? 
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From the Departments of Surgery, UCLA School of Medicine, 
and Olive View County Medical Center, 
Los Angeles, California 


As the result of an evolving economic climate, and sev- 
eral local, regional, and national trends, Los Angeles 
County has experienced a remarkable change in its de- 
mographics over the last 10 years. Since 1980, the indigent 
population of Los Angeles County has increased by ap- 
proximately 30%, almost one-half million people. '? Dur- 
ing this period, the percentage of county budget appro- 
priations directed toward health services has decreased by 
13%, and almost half of the county’s trauma centers (10 
of 23) have been forced to close.!? At a time when fiscal 
support is diminishing, the demand for services is increas- 
ing, as reflected by a 32% increase in admissions to Los 
Angeles County hospitals.!? This combination of factors 
has resulted in severe overcrowding of the remaining 
County health care facilities. Delays of several months 
before nonemergent patients, such as those with biliary 
colic, can be treated, are now common in Los Angeles 
County hospitals. The impact of this increasingly limited 
access to health care on surgical patient welfare is un- 
known. 

We hypothesized that many of these factors might have 
a more profound effect on health care delivery in the 
county as compared with the private setting. The purpose 
of the present study was, therefore, to identify the trends 
in the demographics, clinical presentation, and manage- 
ment of patients undergoing a common operation during 
the past decade at both a county and a private university 
tertiary care hospital. Traditionally, management of 
symptomatic gallstone disease has been associated with 
elective versus emergent hospitalization in most patients. 
The nature of this clinical practice suggested to us that 


this operation therefore might be susceptible to influence 
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by the changing patterns in medical economics. Chole- 
cystectomy therefore was selected as a model for study. 


Materials and Methods 
Study Design 


A retrospective analysis was performed of all patients 
seen at the Olive View Medical Center (county) and the 
UCLA Medical Center (private) in the calendar years of 
1980 and 1988, who underwent cholecystectomy for cal- 
culous disease of the gallbladder. Olive View Medical 
Center is a large facility, maintained by Los Angeles 
County, which services primarily indigent patients residing 
in the San Fernando Valley. The UCLA Medical Center 
is a university facility that provides predominantly tertiary 
care. Patients with carcinoma of the gallbladder, pancreas, 
duodenum, bile duct, and ampulla of Vater were excluded 
from this analysis, as were patients who underwent inci- 
dental cholecystectomy at the time of laparotomy being 
performed for other reasons. In 1980, 92 patients under- 
went cholecystectomy at the county facility and 78 at the 
private hospital, for a total of 170 patients. In 1988, 149 
patients underwent cholecystectomy for gallstone disease 
at the Olive View County Hospital and 61 underwent 
surgical removal of the gallbladder at UCLA, for a total 
of 210 patients. 

Data were analyzed with respect to demographic fac- 
tors, admission diagnosis, clinical presentation, acuity, 
hospital stay, and morbidity and mortality rates. Statistical 
analyses were performed using Fisher’s exact test, and dif- 
ferences were considered significant at the 5% probability 
level. Results are expressed as mean + standard deviation. 


Results 
Patient Population 


Demographic factors for patients undergoing chole- 
cystectomy at the county and private hospitals in the years 


TABLE |. Demographic Features 


County Private 
1980 1988 1980 1988 

No. of patients 92 149 78 61 
Age (yr) 40 + 16 41 17 49 + 18* 48 + 17 
Sex (% M) 9 19*+ 314 51§ 
Race 

% White 18 19 464 6g! 

% Hispanic 77" 72+ 40 16" 

% other 5 8 14 15 
Comorbidity (%) 40 39 68 72! 


* p < 0.05 vs. county 1980. 
tp < 0.001 vs. private 1988. 
p < 0.001 vs. county 1980. 
§ p < 0.001 vs. county 1988. 
i p< 0.01 vs. private 1980. 


CHOLECYSTECTOMY AND SOCIAL CHANGES 
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Fic. 1. Incidence of fever, chills, and jaundice among patients undergoing 
cholecystectomy at private and county hospitals during 1980 and 1988. 
*p = 0.03 versus county 1980. 


1980 and 1988 are summarized in Table 1. There were a 
total of 380 patients available for review at these insti- 
tutions. Although there was a 62% increase in the number 
of patients treated at the County hospital in 1988 as com- 
pared with 1980, the private university hospital experi- 
enced a 17% decrease during this same time interval. The 
average age of patients undergoing cholecystectomy re- 
mained stable during the study period, although it was 
significantly higher (p < 0.05) at the private (49 + 18 
years) as compared with the county hospital (40 + 16 
years). As one would anticipate, most patients in the study 
were women. Both institutions, however, exhibited a sig- 
nificant increase (p < 0.05) in the percentage of men un- 
dergoing cholecystectomy in 1988'as compared with 1980. 
Moreover, the percentage of men seen at the private hos- 
pital was significantly higher (p < 0.001) during both 1980 
and 198& as compared with the county hospital. Consis- 
tent with the patient demographics at the two institutions, 
most patients at the county hospital in both 1980 and 
1988 were Hispanic. 


Clinical Presentation 


In all four study groups, the most common presenting 
symptom was right upper quadrant pain. Although 96% 
of patients presenting at the county hospital in 1980 had 
right upper quadrant pain, only 81% at the private hospital 
in 1980 had this as their primary complaint (p < 0.005). 
This difference remained significant in 1988, with only 
77% of patients at the private hospital having right upper 
quadrant pain (p < 0.01). Figure 1 represents a compar- 
ison of the incidence of fever, chills, and jaundice on ad- 
mission among County and Private patients during the 2 
study years. Although there were no appreciable differ- 
ences in the incidence of fever, chills, or jaundice in 1980 
versus 1988 among the private hospital patients, there 
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Fic. 2. Comparison of the incidence of leukocytosis and hyperbilirubin- 
emia at the time of admission for cholecystectomy among private and 
county patients during 1980 and 1988. *p < 0.005 versus county 1980. 
Leukocytosis = WBC > 10.0 mg/dL; hyperbilirubinemia = total bilirubin 
> 1.2 mg/dL. 


were marked differences in these indices at the county 
hospital. Although jaundice was observed in only 4% of 
patients in 1980 at the county hospital, approximately 
10%: were noted to be jaundiced in 1988. Similarly, al- 
though chills were noted in less than 5% of the patients 
in 1980, 25% had such complaints in 1988. The most 
marked difference was in fever, which was present in only 
18% of patients at the county hospital in 1980 but in 56% 
(p = 0.03) of the 149 patients who underwent cholecys- 
tectomy in 1988 at this facility. Figure 2 summarizes the 
percentage of county and private patients during 1980 
and 1988 who had leukocytosis or hyperbilirubinemia at 
the time of admission for cholecystectomy. There were 
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no significant differences among the private patients in 
terms of leukocytosis or hyperbilirubinemia when 1988 
figures were compared with those for 1980. In contrast, 
among patients treated at the county hospital, there were 
significant increases (p < 0.005) in both the incidence of 
an elevated while blood cell count (63% in 1988 versus 
36% in 1980) and in hyperbilirubinemia (39% in 1988 
versus 14% in 1980). 


Admission Diagnosis and Level of Acuity 


Diagnosis as recorded at the time of admission is sum- 
marized for all 380 patients in Figures 3 and 4. Most 
patients at both the county and private hospitals presented 
in 1980 with biliary colic as the primary diagnosis. There 
were no significant differences in the admission diagnoses 
between the two hospitals for 1980. Although the pattern 
of admission diagnoses remained remarkably stable at the 
private hospital during the period of study, there were 
significant differences noted .at the county hospital be- 
tween 1980 and 1988. Specifically, there was an increase 
in the percentage of patients presenting with cholangitis, 
and most notably a significant increase in the fraction of 
patients presenting with acute cholecystitis (p < 0.01 ver- 
sus county— 1980), with a concomitant decrease in the 
incidence of patients operated on for biliary colic. 

Based on the nature of the admission, study patients 
were categorized as being admitted either electively or on 
an urgent basis (Fig. 5). There were no significant differ- 
ences noted between the two time periods at the private 
hospital, with 67% of patients being admitted electively 
in 1980 and 59% in 1988. In contrast, the percentage of 
patients presenting urgently at the county hospital in- 
creased from 20% in 1980 to 50% in 1988 (p < 0.001). 
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Fic. 3. Comparison of the admission diagnoses for private and county patients undergoing cholecystectomy during 1980. 
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FiG. 4. Comparison of the admission diagnoses for private and county patients undergoing cholecystectomy during 1988. a, p < 0.01, b, p < 0.005 
versus private 1988. c, p < 0.07, d, p < 0.01, e, p < 0.001 versus county 1980. 


Same Day Admissions 


Table 2 represents a comparison of demographic fea- 
tures, hospital stay, and.outcome for patients admitted 
on the day of surgery versus those admitted at least 1 day 
before operation. Same day admission (SDA) is a concept 
that was not employed in 1980, and therefore, the data 
provided are for 1988 at both county and private hospitals. 
Not surprisingly, a significantly greater number (p 
< 0.005) of patients were managed by SDA at the private 
hospital as compared with the county facility. This was 
true despite the fact that there was a significantly higher 
percentage of patients at the private hospital who were 


TABLE 2. Same Day Admissions 


County 1988 Private 1988 


(4)SDA (~)SDA (4+)SDA  (-—)SDA 

No. of patients 39 (26%) 110(74%) 28 (46%)* 33 (54%) 
Patient population 

Mean age 42414 40417 43416 52217 

% >60 yr old 10% 18% 25% 36% 

% With comorbidity 38% 30% T1%t 64%§ 
Postoperative days 

Mean S2 7+ 4 JE 8+ 4 

% With <5 72%! 56%f 68%T 36% 
Morbidity 15% 15% 43%t 52%§ 


* p < 0.005 vs. county 1988 (+)SDA. 
tp < 0.05 vs. county 1988 (+)SDA. 
tp <0.01 ys. county 1988 (+)SDA. 
§ p < 0,001 vs. county 1988 (—)SDA. 
"p = 0.06 vs. county 1988 (—)SDA. 
Tp < 0.05 vs. private 1988 (—)SDA. 
SDA, same day admission. 


over the aze of 60 (p < 0.05) and with a higher incidence 
of co-morbidity (p < 0.01) as compared with the county 
facility. These factors likely contributed to the higher in- 
cidence of postoperative morbidity among private versus 
county patients in the study. Same day admission, per se, 
did not, however, have any significant impact on mor- 
bidity rate at either institution. In fact, postoperative stay 
for SDA patients was shorter than for non-SDA patients 
at both institutions. 


Patient Outcome 


Overall outcome is summarized for both 1980 and 1988 
at the county and private hospitals in Table 3. The overall 
hospital mortality was 0.2% among the 380 patients who 
underwent cholecystectomy in this study. The one death 
occurred in an elderly, immunocompromised patient who 
underwent emergent cholecystectomy at the private hos- 
pital in 1988. The nature of the different patient popu- 
lations treated at these two institutions 1s underscored by 


TABLE 3. Patient Outcome 


County Private 
1980 1988 ` 1980 1988 
Mortality rate 0 0 0 1 (1.6%) 
Morbidity rate 11% 14% 31%* 48%tt 
Hospital days 8+4 1045 li+6 844 
Preoperative days 244 4+] ie | La 


* p < 0.005 vs, county 1980. 
f p < 0.001 vs. county 1988. 
tp < 0.05 vs. private 1980. 
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Fic. 5. Comparison of the distribution of elective versus urgent admissions among private and county patients undergoing cholecystectomy during 
1980 and 1988. Characterizations were based on the degree of illness of the patient at the time of admission. a, p < 0.05. b, p < 0.001 versus county 


1980. 


the significantly higher incidence of hospital-associated 
complications noted at the private facility as compared 
with the county institution during both 1980 and 1988. 

Economic pressures have clearly influenced length of 
stay at the private hospital, resulting in a shortening of 
the average hospital stay by 3 days during the period of 
study (Table 3). In contrast, hospital stays at the county 
hospital actually tended to be longer in [988 than in 1980 
(10 + 5 days for 1988, versus 8 + 4 days for 1980). Further 
analysis indicates that this lengthening of hospital stay 
among county patients occurred during the preoperative 
period. 


Discussion 


As one manifestation of the dynamic era in which we 
practice medicine, physicians throughout the United 
States are being asked to re-evaluate traditional ap- 
proaches to patient care.'*!> The factors responsible for 
this evolution and rethinking of traditional practices in- 
clude an explosion in technology with expansion of ther- 
apeutic options, patient education, and participation in 
health care, and perhaps most importantly, socioeconomic 


influences. The need for hospitalization, length of stay in 
the hospital, and the total cost associated with specific 
treatment modalities all have been the target of recent 
scrutiny.'*!? Limited resources, rising health care costs, 
and alterations in hospital reimbursement have combined . 
to affect patient referrals and admission practices. Because 
of the dependence on government subsidy, the impact of 
these changes on the business of medicine has presumably 
had its most profound impact on county- and state-sub- 
sidized hospitals. These factors, when coupled with an 
increasing number of uninsured patients, have led to clo- 
sure of many facilities,” ultimately resulting in severe 
overc-owding of remaining county health care centers. 
The current study. was undertaken to assess the impact 
of these socioeconomic changes on the management of a 
common disorder, gallstone disease. Data from the present 
study indicate that the patient population presenting for 
cholecystectomy in the private university setting has re- . 
mained relatively stable during the last 8 years. In contrast, 
there ħas been a significant increase in the acuity of illness 
amonz patients undergoing cholecystectomy in the county 
setting during this same time interval, as reflected by sev- 
eral indices reported in the present study, including the 
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percentage of county patients admitted in 1988 with fever, 
chills, jaundice, leukocytosis, and hyperbilirubinemia, as 
compared with 1980. Moreover, patients with admitting 
diagnoses of cholangitis and acute cholecystitis constituted 
a much higher proportion of those undergoing cholecys- 
tectomies in 1988 than in 1980 at the county hospital. 
Finally, there was a significant increase in the proportion 
of county patients admitted on an urgent or emergent 
basis (50%) in 1988 as compared with 1980 (20%). These 
data suggest that indigent patients with symptomatic gall- 
stone disease are being treated later in the course of their 
disease than are insured patients. This disturbing trend 
seen at the county hospital may reflect lack of health 
maintenance programs and overburdening of the county 
medical system with consequent delays and limitations 
in health care accessibility for the county patient popu- 
lation. The conclusion that the inability to receive medical 
care is a cause of the increasing percentage of patients 
with acute cholecystitis is supported by the recent obser- 
vation that approximately 15% of patients currently un- 
dergoing urgent or emergent cholecystectomy were ac- 
tually on the waiting list for elective cholecystectomy when 
they experienced an acute exacerbation requiring urgent 
attention. 

The concepts that the quality of care provided to pa- 
tients, and ultimately patient outcome, are linked to in- 
Surance status are not new. In 1977, Egbert and 
Rothman” reported that race and economic status were 
determinants of whether or not trainees performed 
patients’ surgery. Other more recent studies have con- 
firmed that major differences exist between uninsured and 
privately insured patients regarding condition on admis- 
sion, use of resources, length of hospitalization, and out- 
come.”!~*3 Hadley and co-workers”* investigated the as- 
sociation between insurance status, resource use, and 
outcome. Their analysis of 592,598 patients hospitalized 
across the country in 1987 indicated that the uninsured 
patient was less likely to undergo a high-discretion pro- 
cedure (such as endoscopy,’ computed tomography scan, 
angiography, etc.) and had a significantly greater risk of 
in-hospital death. Our data support these general obser- 
vations, and moreover, suggest that the gap between un- 
insured and privately insured hospital patient is actually 
widening. 

Gallstone disease and its associated complications con- 
tinue to be major national health problems, with the in- 
cidence in the United States being reported to be 10%. In 
1882, Carl Langenbuch performed the first successful 
cholecystectomy. Since that time, surgical removal of the 
gallbladder has been the only effective treatment for gall- 
stone disease. Over the last several years, laparoscopic 
cholecystectomy has been introduced and has quickly be- 
come the preferred treatment for gallstone disease in many 
parts of the country.”>° The present analysis, however, 
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was completed before the introduction of laparoscopic 
cholecystectomy, and presumably was not at all influenced 
by this new modality. Moreover, it remains to be seen to 
what extent the practice of laparoscopic cholecystectomy 
will be extended to the indigent population. In recent 
years, the management of gallstone disease has been af- 
fected by 2 number of other factors, including the con- 
troversy over how best to manage a patient with asymp- 
tomatic gallstones,” the technological explosion that 
we have witnessed in both the medical dissolution of 
stones?” and biliary lithotripsy,’ as well as socioeco- 
nomic influences. These findings may explain two recent 
reports frem single institutions that suggest an increase 
in the acuity of presentation during the last 10 years for 
patients with gallstone disease.” The observation noted 
in the current study that patients treated at county hos- 
pitals for gallstone disease are presenting with more acute 


and severe disease is particularly concerning in light of 


recent reports that indicate an increase in hospital-tased 
charges associated with management of acute versus 
chronic cholecystitis. !?*° 

Almost half ofall patients undergoing cholecystectomy 
at the private facility in 1988 were SDAs. Postoperative 
complication rates were similar among SDA and non- 
SDA patients in both institutions. These data sugges: that 
the advent of SDAs has not adversely affected outcome. 
This information supports the findings from other studies 
that have suggested that cholecystectomy can be per- 
formed safely in a cost-effective manner with a ccnsid- 
erably shortened length of hospitalization.'* '® 

Although the length of stay at the private hospital 
shortened over the 8 years of the study, hospital stay 
among county patients tended to be longer in 1988 as 
compared with 1980. Prolongation occurred exclusively 
in the preoperative period, because patients treated in 
1988 may have been “sicker” at the time of admission 
and, therefore, required additional time for preoperative 
stabilization. Evidence to support the hypothesis that pa- 
tients acmitted to the county hospital in 1988 were 
“sicker” aS compared with the earlier time pericd has 
already been presented. Whether, in fact, the increased 
time in the preoperative period was required for stabili- 
zation or for operating room availability cannot be de- 
termined from the present study. A likely explanation, 
however, is that limited resources in the operating room 
have led to overcrowding with acutely ill and trauma vic- 
tims and the development of a priority system for case 
selection based on degree of urgency. Over the last several 
years, severe demands on operating room resources has 
led to the implementation of just such a system at the 
Olive View Medical Center. The hospital is continually 
filled to capacity, and there is a 4- to 6-week wait for new 
evaluations in the outpatient clinic. A waiting list has been 
generated for elective and “urgent” (rule out cancer) sur- 
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gical cases, which as of June 30, 1991, totaled 515 patients 
for General Surgery, 112 of which were considered “‘ur- 
gent.” Currently, patients with uncomplicated, symp- 
tomatic cholelithiasis are waiting a total of 3 to 4 months 
for elective surgery. 

Data are not available for cost analysis of patients 
treated at either the university or the county hospitals. 
The computation of direct and indirect costs associated 
with the provision of health care 1s obviously very complex 
and is dependent on a number of factors that are beyond 
the scope of this study. Therefore, one cannot accurately 
judge whether the strategy of resource restriction actually 
increased the cost of care for patients treated at the County 
facility. Munoz and co-workers,'? however, have previ- 
ously reported data demonstrating that the cost of treating 
patients with acute cholecystitis is at least twice that for 
patients undergoing an elective procedure. Although data 
were not available for the 380 patients in the present study 
regarding cost, Munoz and co-workers!’ have reported 
that the cost of emergent cholecystectomy is 240% of the 
cost of an elective procedure. 

Our data indicate that unfunded or underfunded pa- 
tients enter the health care system later and with more 
advanced disease than even a decade ago. Despite these 
changes, there were no differences noted between groups 
in terms of outcome. Currently,, cholecystectomy as it is 
practiced in the United States is safe and is associated 
with a minimal mortality rate regardless of age or severity 
of illness. In a series of 18,562 patients undergoing cho- 
lecystectomy in California and Maryland during 1988, 
the overall mortality rate was 0.23%, with a range from 
0.03% for patients under the age of 65 years to 0.87% for 
elderly patients.’ It may be difficult, if not impossible, 
therefore, to demonstrate that timing of intervention or 
acuity of illness effects outcome. Data clearly indicate, 
however, that acuity of illness has a significant impact on 
length of stay, use of resources, and hospital-based costs 
for patients being treated for gallstone disease.!™ The 
broader issue, however, remains unclear: has the reduction 
in services and associated limitations of access to health 
care that is occurring nationwide affected patient welfare 
and outcome? Although this question has not been an- 
swered by the current study, we believe that our data raise 
legitimate concerns that in government-subsidized facil- 
ities, the care of the surgical patients is and will be ad- 
versely influenced by ongoing socioeconomic changes. 

As our health care delivery system responds to the 
stresses of an evolving economic environment, it is es- 
sential that physicians monitor the impact of these socio- 
economic changes on the quality of patient care. With its 
relatively high incidence in the patient population, char- 
acteristic presentation, and limited therapeutic options, 
gallstone disease provides an ideal model for the evalua- 
tion and study of the effects of health care delivery prac- 
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tices on patient outcome. The reality is that physicians 
should and must take responsibility for developing cost- 
effective health care allocation, and optimal patient man- 
agement.°?’ While we are attempting to be cost effective, 
however, it is imperative that we monitor the effects of 
these changes on patient outcome and general welfare, as 
well as the ultimate impact on the health care delivery 
system at large. This information should be considered 
in the ongoing evaluation and restructuring of our health 
care delivery system. 
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Inapparent Carcinoma of the Gallbladder 


An Appraisal of a Radical Second Operation After Simple Cholecystectomy . 





YOSHIO SHIRAI, M.D., KEISUKE YOSHIDA, M.D., KAZUHIRO TSUKADA, M.D., and TERUKAZU MUTO, M.D. 


This study was designed to investigate issues concerning “in- 
apparent carcinoma” of the gallbladder and the effectiveness of 
a radical second operation in the treatment of inapparent car- 
cinoma. Ninety-eight patients with inapparent carcinoma were 
analyzed according to the “pT” category of TNM (tumor, nodes, 
and metastases) classification. Eighty patients underwent cho- 
lecystectomy alone, and 14 patients had a subsequent radical 
operation. After cholecystectomy alone it was found that (1) Pa- 
tients with pT1 cancer had a 5-year survival rate (5ysr) of 100%; 
(2) In patients with pT2, Sysr was 40%; and (3) Patients with 
pT3 showed S5ysr of 0%. Results of a radical second operation 
showed that (1) Patients with pT2 cancer showed a 5ysr of 90%, 
significantly better (p < 0.05) than pT2 treated with cholecys- 
tectomy alone; (2) There was a prolongation of survival in patients 
with pT3 or pT4. It was concluded that a radical second operation 
should be carried out for pT2 or more advanced inapparent car- 
cinoma, whereas follow-up without a second operation is rec- 
ommended for pT 1 cancer without positive margin. 


ARCINOMA OF THE GALLBLADDER has been 

considered to be a highly lethal disease.'~* Al- 

though a few long-term survivors have been re- 
ported, most of them were patients with gallbladder car- 
cinoma first diagnosed on microscopic examination after 
simple cholecystectomy, that is, “inapparent carcinoma” 
of the gallbladder.*-’ It has been clear, however, that the 
prognosis in inapparent carcinoma was not uniformly 
good, and many of the reported patients died of recur- 
rence.’ 

Reoperation after first cholecystectomy for inapparent 
carcinoma has been recommended by some investiga- 
tors,°"'® but there has been no study thus far that clearly 
demonstrates whether reoperation with a radical proce- 
dure could improve the prognosis for inapparent carci- 
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noma of the gallbladder. The present study was designed 
to address issues concerning inapparent carcinoma: (1) 
the prognosis for inapparent carcinoma treated with cho- 
lecystectomy alone, (2) the types of Iinapparent carcinoma 
that can be cured with cholecystectomy alone, and (3) 
does the radical second operation improve the survival of 
patients with inapparent carcinoma? 


Patients and Methods 


Two hundred forty-one patients with gallbladder car- 
cinoma underwent surgical resection in Niigata university 
hospital and its afhliated institutions from 1981 to 1989. 
A summary of these cases is provided in Table 1. In the 
present study, “inapparent carcinoma” of the gallbladder 
was defined as a carcinoma unrecognized before and at 
the time of operation, but diagnosed later on microscopic 
examination of the specimen. Therefore, 98 cases (41%) 
of “inapparent carcinoma” were included in this study. 
Clinical records and follow-up data could be obtained for 
all of them. 

Histologic examination of these specimens was done 
in the first department of pathology of our institute. In 
86 cases 5-mm stepwise tissue sections of the whole gall- 
bladder were embedded in paraffin and cut into 4-um 
slices. The depth of cancer invasion was carefully deter- 
mined in these sections. In the remaining 12 cases, depth 
of invasion was judged using three to four representative 
sections containing evidence of cancer. 

We used the TNM (tumor, nodes, metastases) 
system!!!” to describe the extent of the cancer. Depth of 
cancer invasion corresponds with the “T” category in this 
system. However, “N” and “M” categories of inapparent 
carcinoma could not be assessed in almost all cases, be- 
cause the cancer had not yet been noticed at the time of 
the first operation. It also follows that the “Stage” could 
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TABLE 1. Patients Who Underwent Resection for Gallbladder 
Carcinoma at the Department of Surgery, Niigata University, 


1981-1989 
Time of Diagnosis No. of Cases 
Before operation 102 
At the time of operation 4i 
After operation (inapparent carcinoma) 98 
Total 241 


not be determined in many of the cases. The authors 
therefore adopted the pathologic T category (pT) alone 
to describe the extent of inapparent cancer of the gall- 
bladder. The pT system is defined in TNM system as 
follows!'!?: pT 1: tumor invades mucosa or muscle layer; 
pT2: tumor invades perimuscular connective tissue; no 
extension beyond serosa or into liver; pT3: tumor invades 
beyond serosa or into one adjacent organ, or both (exten- 
sion 2 cm or less into liver); and pT4: tumor extends 
more than 2 cm into liver, or into two or more adjacent 
organs. 

The survival curves were calculated using the Kaplan- 
Meier method. Differences in survival curves were mea- 
sured using the generalized Wilcoxon test. 


Results 


Ninety-eight cases of inapparent carcinoma are cate- 
gorized according to their “T” classification and type of 
operation performed in Table 2. There were 24 men and 
74 women. The age of these patients ranged from 37 to 
87 years, with a mean of 68.5 years. 

Eighty patients had cholecystectomy alone, and 14 pa- 
tients had a radical second operation after pathologic 
confirmation of the specimen removed at the time of cho- 
lecystectomy. The remaining four patients also underwent 
reoperation after histologic confirmation of cancer. They 
had no radical procedure, however, but sampling of per- 
icholedochal lymph nodes alone at the time of reopera- 
tion, with regard to no macroscopic evidence of residual 
cancer. 


TABLE 2, Distribution of pT Category of 98 Patients With Inapparent 
Cercinoma According to Operations Performed 


Operations Performed 


Second 
Chelecystectomy Radical Other 
pT Alone Operation Operations* Total 
pT! 39 I — 40 
pT2 35 10 3 48 
pT3 6 2 ] 9 
pT4 vame I — l 
Total 80 14 4 98 





* Refer to the text for the details of the operations. 
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Cholecystectomy Alone 


Follow-up data of the 80 inapparent cancer patients 
who underwent cholecystectomy alone is presented ac- 
cording to their “pT” classification in Figure 1. There 
were no pT4 patients. 

The 39 patients with pT 1 cancer had a 5-year survival 
rate (Sysr) of 100%. There were 35 cases of cancer rated 
es pT laand 4 cases of pT 1b. Only two patients with pTla 
cancer died, one at 19 months and the other 66 months 
after surgery; the former, who had mucosal cancer with 
a free surgical margin, died of an unrelated cause, and 
the latter, who had a mucosal cancer with a positive mar- 
gin at the cut stump of the cystic duct, died of recurrence 
of the tumor at the hilus of the liver. There was no re- 
currence among the pT 1b patients; the longest period of 
survival so far is 98 months. In the 35 patients with pT2 
cancer, S5ysr was 40%, and 17 patients died of recurrent 
disease within 55 months postoperatively. All of the six 
patients in the pT3 group died of recurrence within 27 
months after cholecystectomy. 

There were significant differences between pT 1 and pT2 
groups (p < 0.001) and between pT2 and pT3 groups (p 
< 0.01), respectively (Fig. 1). 

There were 36 cases in which the cholecystectomized 
specimen included a cystic lymph node. In six cases, there 
was evidence of metastasis to the lymph node; five of these 
patients died within 45 months from recurrence, and only 
one has survived 36 months so far. The remaining 30 
patients who had no metastasis to the node showed a sig- 
nificantly better (p < 0.001) prognosis, and a 5ysr of 84%. 


Radical Second Operation 


A radical second operation (after cholecystectomy) was 
carried out in 14 of the 98 cases with inapparent carci- 
noma. Table 3 presents a brief summary of the 14 patients. 
The radical second operation was performed for pT2, 3, 
or 4 inapparent cancer or a positive surgical margin. 
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Fic. 1. Survival curves by pT category in 80 patients with inapparent 
carcinoma treated by cholecystectomy alone. 
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TABLE 3. Patients With Inapparent Carcinoma Trzated by Second Radical Operation 


Cancer Tissue in 
Age Reresected 
Patient (yr) Stage Specimen 


CA 
cD 
Pa 
T 
—j 
T 
zZ 
zZ 


l 72 M la 0O 0 I Not detected 

2 37 F 2 0 0 II Not detected 

3 T2 F 2 0 0 I] Detected: C 

4 62 M 2 0 0 I Not detected 

5 58 M 2 Q 0 II Not detected 

6 62 F 2 0 0 H Not detected 

7 69 F 2 0 0 H Not detected 

8 45 F 2 0 Q II Not detected 

9 76 F 2 la 0 HI Detected: N, B 
10 72 F 2 la 0 HI Detected: N, C 
lI 66 F 2 Ib 0 HI Detected: N 
12 66 F 3 0 0 ii Detected: C, L 
13 74 M 3 la 0 iil Detected: B, C 
14 70 F 4 ib 0 IV Detected: N, B, C, L 


C, invasion of connective tissue around the gallbladder; N, metastasis 


The “standard” radical operation in our department 
since 1982 adopted as a first operation for preoperatively 
diagnosed gallbladder carcinoma is illustrated in Figure 
2. The operation is composed of a cholecystectomy, wedge 
resection of the gallbladder bed (including about 2 cm 
thickness of liver parenchyma), resection of the supra- 
duodenal:segment of the extrahepatic bile duct, and an 
en bloc and thorough dissection of the regional lymph 
nodes (No. la and ib nodes). As a surgical approach to 
management of inapparent cancer, the “standard” radical 
second operation was therefore composed of bile duct re- 
section, wedge resection of the gallbladder bed, and an en 












YG 
ile 


WES 


Celiac 


. 
LETTEN 
. 


b 
CE 
BE FESS 
ia Oy) 


s. 
efeetea 


Pa mesenteric artery 






<== line of division area of en bloc lymph node dissection 


(dotted area: behind the pancreas) 


Fic. 2. Schematic representation of the extent of surgical resection in 
patients with gallbladder cancer. 


Residual Tumor 


(R at 2nd 
Resection Survival Status Cause of Death 
RO 56 mo Alive — 
RO 18 mo Alive — 
RO 22 mo Alive = 
RO 63 mo Alive — 
RO 65 mo Alive == 
RO 67 mo Alive — 
RO 86 mo Alive — 
RO 91 mo Alive — 
RI 44 mo Dead Renal cell cancer 
RO 105 mo Alive — 
RO 13 mo Dead Recurrence 
R2 i14 days Dead Complications after operation 
Ri 59 mo Dead Recurrence 
R2 17 mo Dead Recurrence 


to regional lymph nodes; B, invasion of bile duct; L, invasion of liver 
parenthyma. 


bloc dissection of regional lymph nodes (No. la and Ib 
nodes). All patients except patients 1 and 10 listed in Table 
3 uncerwent the “standard” radical second operation. In 
patient 1, the second resection was indicated because of 
a positive margin at the cystic duct, and a wedge resection 
of gallbladder bed was deferred in consideration of the 
depth of cancer invasion (pT 1a). Bile duct resection was 
not performed in patient 10 because, in 1981, the standard 
for the radical operation had not been established. 

As shown in Table 3, cancer tissue could be histologi- 
cally proven in the tissue resected in the radical second 
opera-ion in seven patients. In four of the seven patients, 
comp.ete removal of the cancerous tissue could not be 
achieved by the second operation, and microscopic or 
macrcscopic residual tumor (R1, R2) was identified. All 
of the 4 patients died by 59 months after the second re- 
section; 2 of them died of recurrence of gallbladder cancer, 
1 died of renal cell carcinoma, and another died of a post- 
operative complication (bleeding). 

Thts far, one case of pT 1 cancer survives 56 months 
after tne second operation, and eight of the ten cases of 
pT2 continue to survive, with the longest time of survival 
being -05 months. All three cases with pT3 and pT4 have 
died. 

To evaluate the efficacy of a radical second operation, 
the survival of patients with pT2 inapparent cancer treated 
by cholecystectomy alone were compared with those 
treated by the radical second procedure (Fig. 3). Survival 
of the group receiving the radical second operation was 
significantly better than cholecystectomy alone (p < 0.05). 


DISCUSSION 


In Jepan, many gastroenterologists have a great interest 
in the early diagnosis of gallbladder carcinoma (GBC) be- 
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Fic. 3. Comparison of survival curves of patients with pT2 tnapparent 
gallbladder carcinoma undergoing cholecystectomy alone and cholecys- 
tectomy combined with a radical second surgical resection. 


cause of the high mortality rate of GBC in the Japanese 
population.!? In spite of recent developments of diagnostic 
imaging, it is still difficult to diagnose GBC preoperatively. 
The present study showed that the preoperative diagnostic 
rate was rather low, 42% (102 of 241), and inapparent 
carcinoma wes present in 41% of our patients. 

It has been widely accepted that some cases of inap- 
parent cancer have a good chance to be cured, and clin- 
ically overt cancer is often far advanced and beyond the 
scope of resection.’ It is likely that inapparent cancer 
tends to be in the early stages.’° Many of the cases of 
inapparent cancer observed in this study belonged to pT 1 
or pT2 (Table 2). 

There are two issues concerning the treatment of in- 
apparent carcinoma of the gallbladder. The first issue is 
that there are many patients with inapparent carcinoma 
who cannot currently be diagnosed preoperatively, and 
the second issue is that inapparent carcinoma is a good 
candidate for radical surgery because of the demonstrated 
predominance of earlier stages. A radical second operation 
for inapparent carcinoma, therefore, appears to be an ef- 
fective way to improve the poor prognosis of GBC. 

Most long-term survivors of GBC have been considered 
to be patients with inapparent cancer treated with cho- 
lecystectomy alone.*’ Nevin et al.’* proposed a staging 
system and reported that the prognosis of GBC depended 
mainly on the depth of cancer invasion. Carcinoma con- 
fined to the mucosa or the tunica muscularis showed an 
excellent prognosis after being treated by cholecystectomy 
alone, but once the cancer involved all three layers, liver, 
or any other organ, the results of surgery were poor. Some 
investigators also have reported good results with surgery 
for patients with carcinoma confined to the mucosa or 
the tunica muscularis.” 

The present study demonstrated that cholecystectomy 
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alone provided excellent results in patients with pT1 can- 
cer. For this reason, a radical second operation should be 
avoided in the pT 1 inapparent cancer group. However, 
pT2 and pT3 inapparent cancer had little chance to be 
cured by cholecystectomy alone and so a radical second 
operation should be considered if possible. 

Glenn and Hays!® proposed radical surgery for GBC 
in an excellent paper published in 1954. This radical pro- 
cedure, commonly called “Glenn’s operation,” seems to 
have been widely accepted. This operation has been 
thought to be an adequate operation for GBC in early 
stages. The lymph node dissection in this operation is 
commonly referred to as “skeletonization of the lesser 
omentum.” 

In our department, the operation illustrated in Figure 
2 has been adopted as the standard operation for “ap- 
parent” GBC except in pT! tumor. This operation differs 
from Glenn’s in that bile duct resection is performed in 
our operation to clear the lymphatics around bile duct 
and possible presence of invasion of bile duct, and lym- 
phatic system behind the upper part of the head and neck 
of the pancreas is removed en bloc. We designed the scope 
of the nodal dissection on the basis of the data from Fahim 
et al!” and our own data (unpublished observations) re- 
lating to the routes of lymphatic drainage from the gall- 
bladder and patterns of nodal metastasis in GBC. 

In the radical second operation, the same degree of 
nodal dissection as in the operation illustrated in Figure 
2 should be performed. Although it was impossible to 
remove completely cancerous tissue even in the radical 
second operation in some patients, it was thought that 
the results justified the surgical intervention (Table 3). 
Tsunoda ei al.’ reported on three patients with inapparent 
cancer who underwent a second-look operation. The au- 
thors, however, could not definitely comment on the ef- 
ficacy of the second-look operation due to the small sam- 
ple size. De Aretxabala et al.'° aggressively performed a 
radical second operation including lymph node dissection 
and hepatic wedge resection for patients with inapparent 
GBC. They did not report long-term results of the oper- 
ation, however, and concluded that further follow-up was 
required to assess the long-term value of this approach. 
In the present study, we were able to demonstrate that 
the radical second operation was especially effective 
against pT2 cancer (Fig. 3). Although the number of pT3 
and pT4 cancers treated with the radical second operation 
was small, it is important to note that one case of pT3 
and one case of pT4 survived 59 months and 17 months, 
respectively, after the operation. In consideration of the 
extremely poor prognosis (Fig. 1) of pT3 inapparent can- 
cer patients who underwent cholecystectomy alone, the 
results (Table 3) of the radical second operation in pT3 
and pT4 suggest a prolongation of survival time. 
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Indications for a Radical Second Operation for Inapparent 
Cancer 


Based on the results of this study, indications for a rad- 
ical second operation for inapparent carcinoma are pro- 
posed in Table 4. It was demonstrated that pT! cancer 
patients had an excellent survival with cholecystectomy 
alone. Therefore, if the depth of cancer invasion is judged 
to be limited to the mucosa or the muscle layer and the 
surgical margin, on histologic examination, is negative, 
the patient should be followed without recourse to a rad- 
ical second operation. Prognosis of pT2 and pT3 cancer 
treated by cholecystectomy alone was unfavorable and 
was improved by a radical second operation. Therefore, 
the radical second operation should be indicated for pT2 
or more advanced inapparent GBC. A second resection 
also should be considered for inapparent cancer with pos- 
itive margin, regardless of the depth of invasion. When a 
carcinoma is found in the gallbladder removed for pre- 
sumed benign disease, the cystic duct node, when found, 
should be examined histologically. In the case of a positive 
cystic node, which indicates short-term recurrence, a rad- 
ical second operation should be considered. 

Once a carcinoma was found in a gallbladder removed 
for benign disease, the depth of cancer invasion, the re- 
section margin, and the state of the cystic node should be 
precisely determined by detailed pathologic examination. 
The depth of cancer invasion in the specimen is the most 
reliable criterion for a radical second operation. Although 
some authors*®!8 have reported some recurrences in pa- 
tients with carcinoma invading the muscular layer (pT 1b), 
others'*'? have reported good results in patients with pT la 
and pT 1b cancers treated with cholecystectomy alone. 
On the basis of the results of cholecystectomy alone for 
pT1 cancer in this study, we do not think that a radical 
second operation is indicated for pT 1 cancer with negative 
margin. The sample size of pT 1b cancer, however, is so 
small and the follow-up period is so short that further 
investigation 1s required to conclude the indication of the 
radical second operation for pT 1b inapparent cancer. 

On histologic evaluation of the depth of invasion of 
GBC, it is often difficult to distinguish pseudoinvasion 
into the Rokitansky-Aschoff sinus (RAS) (i.e, RAS in- 
volvement) from true, stromal invasion. Shirai!’ previ- 
ously reported an attempt at a histologic differentiation 
of these two. RAS involvement is not a stromal invasion 
but an intraepithelial spread, that is, carcinoma in situ. 


TABLE 4. Indications for Radical Second Operation for 
Inapparent Carcinoma of the Gallbladder 


pT2 or more advanced carcinoma 
Positive surgical margin 
Positive cystic duct node (if examined) 


Ann, Surg. « Apnl 1992 


Gallbladder carcinoma with RAS involvement in the 
muscle layer and subserosal layer, without stromal inva- 
sion, therefore, is judged to be a mucosal cancer (pT 1) 
and is not a candidate for the radical second operation in 
cur department. 

One patient who underwent the radical second oper- 
ation for stage III cancer died of bleeding within a month 
after operation in the present study. The operative pro- 
cedure of the radical second operation is difficult because 
of adhesions caused by the first operation. We think that 
indications for the radical second operation should be 
carefully weighed. 

The resected gallbladder should be examined intra- 
operatively in all cases of cholecystectomy for presumed 
benign disease to detect “inapparent gallbladder cancer” 
to avoid a second operation. The surgeon should open 
the gallbladder immediately after removal and observe 
the mucosa to detect unexpected cancer. Some investi- 
gators reported that the predominant macroscopic shape 
of early-staged carcinoma of the gallbladder was the su- 
perficial type.2°*! Knowledge concerning macroscopic 
features of gallbladder cancer*’”’ is useful in detecting 
suspicious lesions. Histologic examination of a frozen 
section of the lesion is mandatory to prevent overlooking 
a cancer. 

Because the number of patients who underwent the 
radical second operation is small in this study, further 
Investigation 1s warranted to clarify the true indications 
and the advantages of the radical second operation. 


Conclusions 


It was concluded that a radical second operation should 
be carried out for pT2 or more advanced inapparent car- 
cinoma of the gallbladder whenever possible. Follow-up 
without a second resection is the treatment of choice for 
pTl cancer with free margins. The radical second oper- 
ation should contribute to a better salvage rate in this 
lethal disease. 
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Stress Ulcers and Organ Failure in Intubated 
Patients in Surgical Intensive Care Units 





LOUIS F. MARTIN, M.D.,* FRANK V. MCL. BOOTH, M.D.,t H. DAVID REINES, M.D., LAWRENCE G. DEYSACH, M.A.,§ 
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This study compared prophylactic administration of either in- 
tragastric misoprostol (200 ug four times a day), a prostaglandin 
E, analog, or bolus intravenous cimetidine (300 mg every 6 hours) 
in preventing stress lesions and stress bleeding in 127 adult post- 
operative patients who required mechanical ventilation and also 
had developed hypotension or sepsis. Both drug treatments were 
equally effective in preventing the development of diffuse gastritis 
(>10 gastric hemorrhagic lesions) and in preventing upper gas- 
trointestinal hemorrhage (UGIH). The combined data from both 
groups showed that for the 44 (35%) patients who died, death 
was significantly associated with the presence at study entry of 
renal failure (64% of 25 patients with renal failure died), hepatic 
failure (57% of 23 patients) or coagulopathy (62% of 29 patients) 
(p < 0.02 for each), and with the number of organ system failures 
at study entry (48% of 69 patients with multiple organ system 
failures died, p < 0.001). Death was also significantly associated 
with the presence of adult respiratory distress syndrome (ARDS) 
at study entry or the development of ARDS (63% of 24 patients 
with ARDS died, p < 0.001), and the development of UGIH 
(5% of 93 patients with known bleeding outcome died, p < 0.05). 
The number of stress lesions that developed was significantly 
associated with subsequent UGIH (p < 0.001). Additional organ 
system failure developed during the study in 31% of the 127 
patients, as did diffuse gastritis in 20% of 111 patients who had 
a follow-up endoscopy. These results demonstrate that postop- 
erative patients who require mechanical ventilation and have hy- 
potension or sepsis are at significant risk for the development 
of stress gastric lesions and multiple organ system failure even 
when prophylaxis for stress ulcers is provided. Furthermore, the 
presence of ARDS, renal failure, hepatic failure, coagulopathy, 
and UGIH are significantly associated with death. 


EMORRHAGE FROM STRESS-INDUCED gastric 
lesions (stress ulcers) was a significant problem 
in many critically ill surgical patients in the 


1960s who had sepsis and evidence of organ failure.! 
Hemorrhage from stress ulcers has been defined as gut 
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failure in the multiple organ failure syndrome’ and con- 
tinues to be associated with high mortality rates when it 
develops postoperatively.!” 

The development of postoperative pneumonia is also 
associated with high mortality rate.? The risk of death is 
sign-ficantly associated with pneumonia that develops 
during mechanical ventilation when evidence of other or- 
gan failure is present.’ Studies*” have recently suggested 
that prophylactic administration of agents designed to in- 
crease gastric pH to decrease the risk of hemorrhage from 
stress ulcers may increase the risk of the development of 
pneumonia in patients requiring mechanical ventilation. 
Onl” one of these studies showed a significant association 
between pneumonia and antacid administration; neither 
study was blinded. These reports have stimulated a re- 
evaluation of prophylaxis of stress-induced bleeding, 
however. Currently, there is less consensus on what pro- 
phylactic treatment is indicated than at any time since 
Hastings and colleagues® demonstrated that antacids de- 
creased the incidence of microscopic bleeding. 

This report presents the results from 127 patients from 
25 medical centers who were prospectively identified to 
be at high risk for the development of upper gastrointes- 
tinal hemorrhage (UGIH), using previously published 
crite-ia,’ within 2 weeks of a surgical operation, and who 
also required mechanical ventilation. Although there have 
been many reports’ of various methods of preventing 
UGIH in intensive care unit (ICU) patient populations, 
few cf these controlled studies have examined exclusively 
postoperative patients who have organ failure and other 
risk factors associated with bleeding at entry. Even fewer 
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have endoscopically examined gastric mucosa to deter- 
mine how the development of lesions related to the de- 
velopment of UGIH. 

This report examines patients at the brink of the de- 
velopment of multiple system organ failure (MSOF). It 
also examines how the presence of MSOF influences the 
development of UGIH and the outcome and development 
of other complications, including pneumonia, by pro- 
spectively recording which other risk factors were present 
at entry. 


Materials and Methods 


This was a randomized, double-blind, double-dummy 
stress ulcer prophylaxis study performed at 25 medical 
centers in the United States. At each of these institutions, 
the protocol was approved by the Institutional Review 
Board. Written informed consent was obtained from the 
patient or surrogate before study entry. Patients were en- 
rolled between July 1986 and January 1988. Adult men 
and nonpregnant women in an ICU who had undergone 
a surgical procedure requiring general anesthesia within 
14 days before meeting the other entry criteria were con- 
sidered eligible. Additionally, patients had to be intubated, 
require mechanical ventilation support, and experience 
an episode of either hypotension (systolic pressure < 90 
mmHg or require medication to maintain blood pressure) 
or sepsis (positive blood cultures or clinical evidence of 
systemic infection) to be considered for enrollment. 

Exclusion criteria included psychiatric disorders re- 
quiring medication, upper gastrointestinal (UGI) malig- 
nancies, inflammatory bowel disease, active peptic ulcer 
disease, and burns. Also excluded were patients with recent 
central nervous system damage, head injury requiring 
neurosurgical intervention, or unstable spinal fractures. 
Patients who had had UGI surgery proximal to the am- 
pulla of Vater within 30 days and patients not expected 
to survive at least 14 days also were excluded. Patients 
receiving nonsteroidal anti-inflammatory agents, anti-ul- 
cer agents, or anti-neoplastic agents as well as those with 
known allergies to either of the study medications were 
not eligible. 

Once informed consent had been obtained, but before 
randomization, patients underwent a screening endos- 
copy. The gastric and duodenal mucosae were graded ac- 
cording to the scoring system presented in Table 1. Pa- 
tients with a score of 5 or more for either stomach or 
duodenum were considered ineligible for prophylaxis and 
were excluded from the study. 

Patients who met eligibility criteria then were random- 
ized to receive either active misoprostol 200 pg (G.D. 
Searle & Co., Skokie, IL), a new prostaglandin E; analog, 
mixed in 20 mL of water every 4 hours through their 
nasogastric (NG) tube and intravenous placebo every 6 
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TABLE 1. Endoscopic Grading System for Gastroduodenal Mucosa 


Grade Description 
i Normal mucosa or hyperemic changes 
2 A single hemorrhagic lesion 
3 2-5 hemorrhagic lesions 
4 6-10 hemorrhagic lesions 
5 Large areas of confluent hemorrhagic lesions 
6 Erosions with white bases surrounded by erythematous edges 
7 Ulcer craters 


hours, or placebo tablet mixed in water through the NG 
tube, and active intravenous cimetidine 300 mg (Smith 
Kline Beecham, Philadelphia, PA) every 6 hours. Patients 
were studied until one of three events occurred: (1) 2 weeks 
of ICU management were completed, (2) improvement 
allowing discharge from the ICU, or (3) the development 
of significant UGIH. Additionally, patients could be re- 
moved from the study if the investigator or the patient’s 
personal physician thought it was in their best interest to 
do so. 

Significant UGIH was considered a sign of organ failure 
and was defined by any one of the following: 


1. The occurrence of hematemesis, melena, or hemato- 
chezia. 

2. The presence of bright red blood in the NG aspirate 
that did not immediately clear after lavage with 250 
mL normal saline. 

3. A drop in hemoglobin concentration over two con- 
secutive measurements of at least 2 mg/dL with stools 
that had positive Hematest (Smith Kline Beckman, 
Sunnyvale, CA) results that were not attributable to 
other causes. 


The development of UGIH was an endpoint for this 
study and therefore was not included in any calculations 
that involved numbers of organ system failures. 

Patients meeting the above criteria for bleeding under- 
went an endoscopic evaluation within 12 hours and were 
removed from the study if a UGI bleeding source was 
confirmed. All patients still in the study at 72 hours un- 
derwent a follow-up endoscopy to determine whether the 
condition of the gastric or duodenal mucosa had changed. 
When possible, patients also underwent an endoscopy on 
exit from the study. If a patient underwent more than 
one follow-up endoscopy, the score that represented the 
most severe damage was used. 

Patients were studied for the presence or development 
of other organ system failures as defined in Table 2. Com- 
plications were recorded prospectively using the risk cri- 
teria suggested by Zinner et al.” Recent publications*® 
that have emphasized the potential relationship between 
stress ulcer prophylaxis and pulmonary problems stim- 
ulated us to retrospectively review data relevant to this 
issue as carefully as possible. All the investigators who 
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TABLE 2. Definitions of Organ System Failures 


Organ Definition 

Pulmonary* Mechanical ventilatory support 

Renal Serum creatinine value >3.0 mg/dL 

Coagulopathy Platelet count of <50,000/mm? or 
prothrombin time >30% higher than 
control level 

Hepatic Bilirubin value >5 mg/dL or transaminase 
value >3 times the upper limit of 
normal 

Gastrointestinalt A drop in hemoglobin value of =2 mg/ 
dL, hematemesis, melena, 
hematochezia, or bright red blood via 
nasogastric tube 

Cardiac Congestive heart failure requiring therapy 


other than diuretics or digitalis, or 
myocardial infarction 

Hypoxia that required ventilator support 
for >72 hr 


Adult respiratory distress 
syndromet 


* Required for study inclusion. 

+ This was an endpoint for the study and thus was not included in 
calculations of organ failure. 

t Ongoing need for ventilatory support (see text) or reintubation for 
pulmonary problems was considered a new sign of organ failure. 


submitted data to this study made a distinction between 
patients requiring short-term postoperative ventilatory 
support and those who had additional complicating con- 
ditions such as pneumonia or adult respiratory distress 
syndrome (ARDS). Bronchial culture data, however, were 
not routinely collected and, therefore, diagnostic criteria 
for pneumonia were inconsistently available. We therefore 
chose to classify as ARDS cases those patients who de- 
veloped both of the following features: 


1. They were labeled by their investigator as having either 
pneumonia or ARDS; and 

2. They required either initial ventilatory support for 
more than 3 days or required reintubation. 


Statistical Analysis 


Clinical characteristics of the two treatment groups were 
compared by means of Student’s two-sample t test (age), 
Pearson’s chi-square test (sex, race, and risk factors at 
entry) and Kruskal-Wallis test (number of lesions on ad- 
mission). The Kruskal-Wallis test was used also to test for 
association between UGIH and gastric lesion scores, and 
between organ system failures on entry and death. All 
statistical testing was two-sided at the 5% level of signif- 
icance. 


Results 


One hundred twenty-seven patients meeting all entry 
criteria were randomized to receive either misoprostol (n 
= 63) or cimetidine (n = 64). The groups were clinically 
equivalent at entry (Table 3). The mean time between 
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TABLE 3. Clinical Characteristics of Patient Populations on Admission 


Misoprostol Cimetidine 
Characteristics (n = 63) (n = 64) 
Age (mean + SD) 60.2 + 15.2 59.9 + 17.5 
Sex (M/F) 39/24 40/24 
White/nonwhite 51/12 46/18 
Risk factors at entry 
Hypotension 52 53 
Sepsis 47 48 
Coagulopathy 15 14 
Renal failure 13 12 
Eepatic failure 11 12 
Cardiac failure 9 13 
Adult respiratory distress syndrome 6 8 
No. of gastric lesions 
None . 15 19 
1-5 hemorrhagic lesions 24 30 
6-10 hemorrhagic lesions 23 13 
Unknown l 2 
No. of duodenal lesions 
None 60 61 
1-5 hemorrhagic lesions l 0 
Unknown 2 3 


surgery and first dose of study medication was 4 days for 
each group (range, less than | day to 16 days). Outcome 
data comparing the patients receiving misoprostol with 
those receiving cimetidine demonstrated no statistically 
significant differences in final gastric endoscopy scores (p 
= 0.764), the development of UGIH (p = 0.179), the de- 
velcpment of additional organ system failure (p = 0.073), 
or death (p = 0.292) (Table 4), 

Therefore, because the two treatment groups were not 
shown to differ in any of the entry or outcome variables 
indicated above, data from the two groups were combined 
to determine the association, if any, between the devel- 
opment of stress lesions and the development of UGIH, 
additional organ system failures, and death. 

Forty-four of the 127 patients died (35% mortality rate). 
All but two of these patients had organ failure in at least 
two systems at the time of death. Twenty-nine patients 


TABLE 4. Examination of Outcome Criteria by Treatment Group 


Misoprostol Cimetidine Test 
Outcome Criteria (N = 63) (N = 64) Statistic p 
Final gastric score* 0.090t 0.764 
1 (n = 24) 11/56 (20%) 13/55 (24%) 
2-4 (n = 65) 34/56 (61%) 31/55 (56%) 
>4 tn = 22) 11/56 (20%) 11/55 (20%) 
Met USIH criteria (n = 10) 7/63 (11%) 3/64 (5%) 1.8064 0.179 
Additional organ system 24/63 (38%) 15/64 (23%) 3.206¢ 0,073 
failure (n = 39) 
Died ín = 44) 19/63 (30%) 25/64 (39%) 1.1124 0.292 


* Patients who did not undergo a second endoscopy were excluded. 
t From Kruskal-Wallis test. 

{ From Pearson’s chi square test, 

UGIH, upper gastrointestinal tract hemorrhage. 
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died within 14 days of the first dose of study medication, 
and the other 15 died more than 20 days after the first 
dose. The time between surgery and the first dose (ap- 
proximately 4 days) did not affect survival (X? = 0.541, 
p = 0.462). 

Of the 127 patients, 10 (8%) met criteria for UGIH 
secondary to stress lesions, from 3 to 14 days after the 
first dose of study medication. None of the patients who 
developed UGIH had less than 10 stress lesions (combined 
gastric and duodenal lesions) when they hemorrhaged, 
and all but one of these patients had a preponderance of 
lesions in the stomach (Table 5). Four of the patients who 
went on to bleed were initially without lesions (score of 
1) or showed healing (decreased their gastric score by at 
least one grade) at the 72-hour endoscopy. All four of 
these patients developed multiple new lesions at subse- 
quent endoscopies. One additional patient had UGIH 9 
days after the last dose of study medication. 

Twenty-two of 111 patients (20%) who had a follow- 
up endoscopy demonstrated more than 10 gastric lesions 
(lesion score greater than 4) on repeat examination (Table 
5). This was considered clinically significant evidence of 
diffuse gastritis. There were 36 patients with 6 to 10 gastric 
lesions at entry, which was the maximum number of le- 
sions allowed (Table 3). When these patients were re-en- 


doscoped, 13 (36%) demonstrated. fewer lesions (i.e., de- 


creased their gastric score), eight (22%) showed no change, 
11 (31%) developed more lesions (i.e., increased their gas- 
tric score), and four (11%) could not be re-endoscoped 
(two of these patients had died). When patients were 
stratified by the results of their worst gastric endoscopic 
score (Table 5), the risk of developing significant UGIH 
was strongly associated with the number of gastric stress 
lesions developed (p < 0.001). 

Five of the ten patients who met the criteria for UGIH 
died, but death was not temporally related to the hem- 


TABLE 5. Relationship Between UGIH and Gastric Lesions 


Met Criteria for UGIH 
Highest Gastric Score at Yes No 
Follow-up Endoscopy (n = 10) (n = 101) 
I 0 20 
2 0 12 
3 1} 42 
4 J 13 
5 3 p 
6 4 7 
7 lt 5 


Chi square (Kruskal-Wallis) = 14.840 
p < 0.001 


* Follow-up endoscopy for these patients was when UGIH occurred. 
+ Duodenal mucosal score of 7. 
UGIH, upper gastrointestinal tract hemorrhage. 


STRESS ULCERS AND ORGAN FAILURE IN SICU PATIENTS 335 


orrhage (mean interval between bleeding and death, 9.6 
+ 5.0 days). When bleeding status at the time of study 
termination was reviewed for the 127 patients, there was 
not a significant association between known UGIH and 
death (5 of 127; p = 0.288). There were 34 patients, how- 
ever, who did not undergo a final endoscopic evaluation 
at the time of study withdrawal (n = 10) or at the time 
of death (n = 24), although they may have had a 72-hour 
endoscopy. These 34 patients could not be evaluated for 
UGIH because endoscopic confirmation of a bleeding 
source was required. None of these 34 patients, however, 
showed any of the three clinical signs of bleeding. There- 
fore, they were classified as having an unknown bleeding 
outcome. In the group of 24 patients who died before a 
second endoscopic examination could be performed, two 
patients had extensive UGI tract ulcerations and blood 
present at autopsy. When the remaining 93 patients who 
had an endoscopy at study termination were examined, 
there was a significant association observed between 
UGIH and death (5 of 93; p < 0.05). There were signifi- 
cantly (p < 0.001) more patients with an unknown bleed- 
ing outcome in the group who died (24 of 44, 55%) when 
compared with the group who did not die (10 of 83, 12%). 
Therefore, it is possible that the significant association for 
known UGIH and death for the 93 patients who had an 
endoscopy at study termination would be nonsignificant 
if the bleeding outcomes of a large fraction of the 24 pa- 
tients who died with unknown bleeding outcome were 
known to be negative. 

Patients who had a prior history of UGIH or peptic 
ulcer disease were not excluded from this study as long 
as their initial endoscopic examination did not demon- 
strate mucosal damage more severe than 10 gastric or 
duodenal lesions. Six patients had a history of outpatient 
ulcer treatment, one patient had a history of a UGIH, 
and one patient had a history of bloody NG drainage. 
Four of these eight patients died (nonsignificant associa- 
tion with death, X* = 0.889, p = 0.346). One of the pa- 
tients who died also met criteria for UGIH during study 
participation. 

Sixty-nine patients (54%) in this study had MSOF at 
entry (Table 6). The presence of renal failure (n = 25), 
coagulopathy (n = 29), or hepatic failure (n = 23) at entry 
were each significantly associated with death, (64%, p 
< 0.001; 62%, p < 0.001; and 57%, p < 0.02, respectively). 
Additionally, the number of organ system failures at entry 
was significantly associated with death (p < 0.001). 

Thirty-nine patients (31%) in this study developed 57 
additional organ system failures not present at study entry. 
The development of either hepatic (14 of 104 patients at 
risk) or renal (22 of 102 patients at risk) failure was usually 
fatal (71% and 59%, respectively). The development of 
coagulopathy was less common (7 of 98 patients at risk) 
and associated with a 43% mortality rate. Eight of the 
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TABLE 6. Association Between Organ System Failures and Death 


No. of Organ System Died Survived 
Failures at Entry* (n = 44) (n = 83} 
l 11} 47 
2 16 29 
3 12 6 
4 5 l 


Chi square (Kruskal-Wallis) = 18.08 
p < 0.00! 


* Failures in addition to mechanical ventilatory support and hypo- 
tension or sepsis. 
t Had both hypotension and sepsis at entry. 


thirty-two patients who did not have sepsis at entry de- 
veloped sepsis during the study, and five (63%) of these 
patients died. 

Fourteen patients were classified as having ARDS at 
the time of study entry. Six of these patients (43%) died. 
Ten other patients developed ARDS during study partic- 
ipation, and nine of these (90%) died. Of the 103 patients 
who did not have ARDS, only 29 (28%) died. Therefore, 
the presence of ARDS was significantly associated with 
death (X? = 15.87, 2 df, p < 0.001). 


Discussion 


This report examined postoperative patients who re- 
quired ventilatory support and experienced an episode of 
either hypotension or sepsis, to assess the associations 
among the development of UGIH, diffuse gastritis, organ 
system failure, and death. Overall, only 8% of these pa- 
tients developed UGIH, and this was significantly asso- 
ciated with the number of gastric lesions they developed. 
Of the 111 patients who underwent at least one follow- 
up endoscopy, 22 (20%) developed diffuse gastritis, and 
eight of these patients (36%) had a UGIH (Table 5). No 
patients required surgical intervention. This implies that 
although stress lesions are common in critically ill patients, 
hemorrhage requiring surgical treatment is rare when 
prophylaxis regimens are used. 

Very few studies of critically ill patients have included 
multiple endoscopic evaluations. This is the first study to 
demonstrate that UGIH can develop in patients after in- 
terim endoscopy (72 hours after the initiation of prophy- 
laxis) has shown that the gastric mucosa is either free of 
lesions or improving (i.e., the number of lesions has de- 
creased). The interpretation of this information must be 
made in light of the entry criteria for the study, which by 
design excluded patients who had already developed le- 
sions or bleeding. This also may mean that studies that 
claim to identify patients not in need of prophylaxis on 
the basis of short-term evaluation may miss some patients 
who continue to be at risk. 
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The observed bleeding rate of 8% falls within the range 
of previously published reports examining patients given 
prophylaxis,** although few studies have examined a 
similar patient population. The expected rate of bleeding 
in groups receiving placebo in other studies ranges from 
5% to 21%.'8 Despite the absence of overt gastrointestinal 
hemorrhage on entry to the study and the administration 
of prophylaxis, 41% of these patients (45 of 111) increased 
their gastric mucosal scores by at least one grade. Although 
there are some groups of patients in whom prophylaxis 
has legitimately been questioned,’ patients with MSOF 
clearly needed prophylaxis to prevent gastrointestinal 
hemorrhage and the expensive evaluation and acute 
treétment such hemorrhage initiates. 

This study confirms previous work identifying the 
stomach as a primary target organ in stress.®!™!! Only five 
patients had duodenal lesions on entry, and three of the 
four who had a second endoscopy improved (the other 
patrent’s status did not change). Of the two patients with 
late developing duodenal ulcers, one also had a gastric 
ulcer that was bleeding and a history of ulcer disease. The 
other patient had gastric erosions that were bleeding. 

Published rates of pneumonia in ICU patients requiring 
mechanical ventilation have ranged from 10% to 34%.*” 
Although ventilator dependence was an admission crite- 
rion. for this study, ARDS was observed in 24 (19%) of 
the patients, 14 at admission and 10 who developed ARDS 
during the study (9% of the patients at risk). This rate is 
lower than prior reports*” of pneumonia rates of up to 
35% in patients receiving agents that raise pH; this may 
be bzcause other studies included patients regardless of 
expected survival, whereas this study excluded patients 
who were not expected to survive at least 14 days. Ad- 
ditionally, this study did not prospectively collect infor- 
mation relevant to changes in each patient’s pulmonary 
status and therefore had to rely on the reporting of the 
development of pneumonia or ARDS as an adverse event. 
In these patients, when a worsening of pulmonary status 
was reported, it was significant; 9 of the 10 patients whose 
pulmonary status worsened, died. 

Finally, gastric pH was not measured in our patients, 
which makes it impossible to know how effective these 
treatments were in raising gastric pH and whether patient 
values correlated with either the development of UGIH 
or pnzumonia. The dose of cimetidine used in this study 
does aot routinely keep pH above 4 in critically ill pa- 
tients 1! The dose of misoprostol used in these patients 
kept mean gastric pH above 4 in a prior group of 141 
surgical ICU patients, but intubation and sepsis or hy- 
potension were not required for inclusion in that study.'” 
Sepsis has been correlated with lower gastric pH values 
and a high incidence of UGIH in other studies.’*'! It is 
therefore possible that the lower rate of pulmonary prob- 
lems seen in this study was due to prophylaxis regimens 
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that did not routinely raise gastric pH above some critical 
value where prieumonia is more likely to occur. 

The science of outcome prediction in the critically ill 
patient is relatrvely new and still inexact. Techniques for 
stratification often have been poorly applied or simply 
not used at all. Even when stratification criteria such as 
the APACHE II score have been used to study outcome,” 
the inclusion of many different types of patients (i.e., 
medical and surgical admissions) does not allow outcome 
prediction because equations are disease specific.!’ This 
study examined a relatively homogenous group concen- 
trating on postoperative patients without head injuries 
who were thought to be on the brink of the development 
of MSOF. In the patients in this study, the risk for the 
development of hemorrhage was similar to the risk for 
the development of ARDS. Any additional organ failure 
can push this type of patient over the brink. 

Thirty-five per cent (35%) of the study population died, 
with all but two patients having MSOF. Death was sig- 
nificantly associated with the total number of organ system 
failures at entry and especially with the presence of hepatic 
failure, renal failure, or coagulopathy. Multiple system 
organ failure has become the most common cause of both 
prolonged stays and deaths in surgical ICUs in the last 
decade.'*!° Techniques to better support organ function 
are desperately needed to reverse this trend. It seems es- 
sential to try to prevent stress lesions in patients with 
MSOF because even with prophylaxis, 41% of these pa- 
tients develop more lesions, and lesion number correlates 
with the risk of UGIH. 
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Reduction in Biliary IgA After Burn Injury 


Role of Diminished Delivery via the Thoracic Duct and of Enhanced Loss 


From the Systemic Circulation 





W. A. CAPPELLER,*t+£§ K. J. BLOCH,*|] R. A. HATZ,*t+§ E. A. CARTER, *tt 


J. FAGUNDES,*t D. A. SULLIVAN, *f and P. R. HARMATZ*t+ 


The concentration of biliary IgA is greatly reduced after scald 
burn injury in the rat, thereby contributing to a deficiency in 
upper intestinal immune defense. This reduction in biliary IgA 
might have several explanations, including failure of the trans- 
hepatic transport of polymeric IgA (pIgA) from the circulation, 
decreased delivery of plgA to the hepatocyte, or decreased local 
synthesis of IgA in the liver. The authors examined whether 
burn injury reduces circulating pIgA available for delivery to the 
hepatocyte. In initial studies, they demonstrated that burn injury 
induces a decrease in circulating plgA in bile-duct—ligated rats. 
They then sought to determine whether this decrease in pIgA 
was due to increased loss from the circulation or to a decreased 
supply of pigA to the circulation through the thoracic duct. After 
injection of purified '}*I-plgA into bile duct-ligated rats, radio- 
activity was removed more rapidly from the circulation of burn- 
injured compared with control rats. The radioactivity localized 
in the skin and muscle at the site of burn injury. In another group 
of rats with patent bile ducts, the thoracic duct was cannulated 
and lymph collected for 12 hours. The total amount of IgA protein 
in lymph was found to be reduced in burn-injured compared with 
control animals. Thus, burn injury is accompanied by reduced 
circulating plgA, which may be attributed to its enhanced loss 
from the circulation and to decreased delivery of pIgA from the 
intestinal mucosa to the systemic circulation via the thoracic 
duct. 


systemic infection related to bacteria translocating 
from their gastrointestinal tracts.’ Deitch and 
Berg! suggested three mechanisms that contribute to the 
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induction of bacterial translocation: (1) disruption of the 
normal indigenous microflora of the gut, (2) physical or 
functional disruption of the intestinal mucosal barrier, 
and (3) impaired immune defense.” Secretory immu- 
noglobulin A (IgA) is an important component of immune 
defense in the intestinal lumen and on mucosal surfaces.’ 
Secretory IgA in bile may account for up to 90% of the 
upper intestinal IgA in the rat and thus may contribute 
to the mucosal defense of the foregut.°® E 

In a previous study, we demonstrated that the amount 
of IgA secreted into bile was reduced 75% to 90% 18 hours 
after burn injury.” This finding may be explained by a 
decrease in receptor-mediated transfer of polymeric IgA 
(pIgA) across the hepatocyte to bile? or by a decrease in 
supply of circulating or locally synthesized plgA available 
for transport by the hepatocyte.*”? In the present study, 
we tested whether supply of circulating plgA to the liver 
changes after thermal injury. 


Methods 


Iodination of IgA and Preparation of ??°I-pIgA 


IR22 IgA myeloma protein (Zymed, San Francisco, 
CA) was radiolabeled with '*°I (New England Nuclear, 
Boston, MA) by the chloramine T method.!° The radio- 
labeled protein had an approximate specific activity of 2 
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to 4 nCi/ug. Preparation of the pIgA fraction from total 
IgA was performed by gel permeation chromatography 
using a Bio-Gel A-1.5m (fine) (BioRad, Richmond, CA) 
column (1 X-120 cm). The plgA fraction was dialyzed 
against phosphate (0.01 M)-buffered saline, pH 7.4, for 
18 hours at 4 C. Thereafter, 95% of the radioactivity in 
the plgA fraction was precipitable in a final concentration 
of 10% trichloroacetic acid (TCA). 


Induction of Burn Injury 


Female CD-1 rats (Charles River Breeding Laboratories, 
Wilmington, MA) weighing 170 to 230 g were used in 
this study and were maintained in accordance with the 
guidelines contained in NIH Publication No 85-23. Ex- 
perimental protocols were approved by the Subcommittee 
on Animal Care, Committee on Research, Massachusetts 
General Hospital. 

Rats were subjected to sham treatment or burn in- 
jury.”'! Under ether anesthesia, the backs of animals were 
shaved and approximately 20% to 30% of the body surface 
was exposed to boiling water for 15 seconds. This treat- 
ment produced a full-thickness injury that appeared to 
be pain free, presumably because cutaneous nerve endings 
were destroyed. Sham-treated rats were anesthetized with 
ether and shaved. Both control and burn-injured rats were 
injected intraperitoneally with 10 mL normal saline so- 
lution immediately after injury or sham treatment. 


Effect of Burn Injury on Endogenous Circulating IgA Pro- 
tein 


The effect of burn injury on the levels of circulating 
IgA protein was examined in rats whose bile duct was 
ligated to prevent the rapid secretion of pIgA into bile.'* 
The bile duct was ligated under light ether anesthesia 
through a midline laparotomy. The animals were allowed 
to recover and received food and water. Twenty-four hours 
after surgery, burn injury or sham treatment was per- 
formed. Blood was obtained from the retro-orbital venous 
plexus before bile duct ligation, 24 hours after bile duct 
ligation (before thermal injury or sham treatment), and 
24 hours after experimental treatment. Total IgA protein 
was measured in serum by radioimmunoassay according 
to the method of Sullivan and Allansmith.’° 


Effect of Burn Injury on Loss of Exogenous Labeled pIgA 
From the Circulation and Localization in Tissues 


In a second series of experiments, the removal of !”°I- 
plgA from the circulation was examined 24 hours after 
bile duct ligation. Radiolabeled pIgA (2.7 to 3.2 X 10° 
cpm; 350 to 700 ng protein in 0.5 mL phosphate-buffered 
saline [PBS] containing 1% normal rat serum) was injected 
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into the femoral vein. Two minutes after the injection, 
blood was obtained from the retro-orbital venous plexus, 
and the rats then were subjected to thermal injury or sham 


‘treatment. Additional blood samples were subsequently 


obtained at 0.5, 3, 6, and 24 hours. The radioactivity in 
serum from these samples was determined and divided 
by the radioactivity present at 2 minutes to obtain the 
fraction of radioactivity remaining in the circulation at 
each time point. The radioactivity in the serum was 
characterized by precipitation in a final concentration of 
10% TCA. 

Because rapid fluid loss from the intravascular com- 
partment is expected after thermal injury and is reflected 
by an increase in hematocrit,’* the hematocrit was deter- 
mined at 0.5, 3, 6, and 24 hours after treatment. We as- 
sumed that the erythrocyte mass is constant during the 
first 8 hours after burn.'* To correct for the changes in 
plasma volume after thermal injury, the fraction of ra- 
dioactivity in the circulation remaining at each time point 
after injury was divided by the hematocrit. The plasma 
volume was estimated at 24 hours after thermal injury or 
sham treatment in bile duct-ligated rats by the Evans blue 
dye dilution method.'° Evans blue dye (Sigma, St. Louis, 
MO), 2 mg/kg body weight in 400 uL PBS, was injected 
intravenously. Blood was obtained 2 minutes later by car- 
diac puncture. The optical density of Evans blue dye in 
plasma diluted 1:3 in PBS was measured at 625 and 740 
nm. The results were compared with those of Evans blue 
dye solutions of known concentrations. Interference due 
to hemoglobin or turbidity due to lipemia was corrected 
by Hamilton’s equation based on absorption measure- 
ments made at 740 nm.!° 

The localization of radioactivity in tissues of treated 
rats was examined in a separate group of rats. Twenty- 
four hours after ligation of the bile duct, animals were 
injected with '*I-pIgA and then subjected to burn injury 
or sham treatment. One hour and 24 hours after the in- 
jection of the '*°I-pIgA, separate groups of animals were 
anesthetized with ether and perfused with 120 mL hep- 
arinized (1 U/mL) saline solution to remove intravascular 
!25]_pIgA from the animal. The burn-injured skin, liver, 
shaved normal skin, as well as cutaneous (panniculus car- 
nosus) and skeletal muscle from below the dorsal surface 
of sham-treated and burn-injured animals were removed 
and rinsed in PBS. Tissue radioactivity and weight were 
determined. The radioactivity per gram of tissue was ex- 
pressed as a percentage of the total radioactivity injected. 


Effect of Burn Injury on the Supply of Endogenous IgA to 
the Systemic Circulation via the Thoracic Duct 


= To determine the amount of IgA delivered to the cir- 
culation via the thoracic duct, lymph was collected from 
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the thoracic duct over a 24-hour period. Under light ether 
anesthesia, the thoracic duct was cannulated!” with Silastic 
tubing (Dow Corning #602-135, Dow Corning Corp., 
Midland, ME) placed into the subdiaphragmatic portion 
of the thoracic duct and tunneled to exit through the dorsal 
skin. After thermal injury or sham treatment, lymph was 
collected on ice for 12 hours from animals that had access 
to drinking water. The IgA protein concentration in lymph 
was measured by radioimmunoassay (RIA).'? 


Statistical Analysis 


The data were evaluated using the Systat Program (Sys- 
tat, Evanston, IL) and tested for significant differences by 
t test or Mann-Whitney U tests. The Bonferoni Equality 
Method!® was used to compare !*°J-IgA clearance from 
the circulation in burn-injured and sham-treated rats. 
Graphs were plotted using Sigmaplot software (Jandel 
Scientific, Sausalito, CA). 


Results 


Effect of Burn Injury on Endogenous Circulating IgA Pro- 
tein 


To examine the effect of burn injury on circulating 
IgA, the IgA concentration in serum was measured before 
bile duct ligation, 24 hours after bile duct ligation and 
finally 24 hours after burn injury or sham treatment. In 
14 rats, the concentration of IgA in serum increased from 
96 ug/mL to 1356 ug/mL in the 24 hours after bile duct 
ligation (Fig. 1). Thereafter, animals were divided into 
two groups that received either burn injury or sham treat- 
ment. At 24 hours after sham treatment, the IgA protein 
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Fic. 1. In a group of 14 rats subjected to bile duct ligation, serum IgA 
concentration increased by 24 hr. Thereafter, half were subjected to sham 
treatment and half to burn injury. IgA concentration increased in the 
former and fell in the latter group. Each point represents the mean 
+ SEM. 
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Fic. 2. Clearance from the circulation of '**°I-plgA injected intravenously 
immediately before thermal injury or sham treatment in bile duct-ligated 
animals. The fraction of radioactivity remaining in the circulation at 
0.5, 3, 6, and 24 hr after thermal injury has been corrected for hematocrit 
to adjust for changes in plasma volume. Five animals were tested after 
sham treatment and six after thermal injury. Mean + SEM are indicated 
at each time interval. Significantly increased loss of radioactivity from 
the circulation was noted (p < 0.03 by two-sided Bonferoni t test) after 
thermal injury. 


concentration had continued to increase, reaching a mean 
of 2277 pg/mL. In contrast, 24 hours after thermal injury, 
serum IgA concentration had decreased to 774 ug/mL, a 
value that was significantly different from the IgA con- 
centration of the control (p < 0.001). To identify the mo- 
lecular species of IgA affected by thermal injury induced 
24 hours after ligation of the bile duct, serum from the 
burn-injured and sham-treated groups were subjected to 
gel permeation (Bio-Gel A-1.5 m) and the IgA concen- 
tration of the eluted fractions was determined by RIA. 
Immunoglobulin A was found predominantly in fractions 
containing protein with a molecular weight greater than 
320,000 daltons (data not shown) in both groups. 


Effect of Burn Injury on Loss of IgA Protein From the 
Circulation 


The fraction of radioactivity remaining in the circula- 
tion after burn injury (corrected for changes in hematocrit) 
decreased more rapidly in the burn-injured than in the 
sham-treated animals; the differences at 24 hours were 
significant at p < 0.03 after correction for multiple com- 
parisons by the Bonferoni Equality method’! (Fig. 2). To 
determine whether the radioactivity in the circulation was 
protein bound, precipitation with TCA was performed. 
The radioactivity in serum obtained at 24 hours from 
either seven burn-Injured or six sham-treated rats was 96.3 
+ 1.7%, and 95 + 2.2% TCA precipitable, respectively. 
To confirm that the difference in clearance of radioactivity 
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from the circulation was not related to differences in 
plasma volume, plasma volume was measured by the dye 
dilution technique’® at 24 hours after thermal injury or 
sham treatment. The plasma volume was 3.4 + 0.08 mL/ 
100 g in sham-treated and 3.7 + 0.12 mL/100 g in burn- 
injured animals (not significant). 


Localization cf Radioactivity in Tissues 


To identify the sites at which '*°J-pIgA might be lost 
from the circulation in burn-injured rats, the radioactivity 
in skin, muscles, and liver obtained at | and 24 hours 
after injury was assessed. At | hour after injury, burn- 
injured skin had a ninefold and the cutaneous muscle 
layer had an eightfold increase in radioactivity compared 
with the skin (p < 0.001) and cutaneous muscle layer (p 
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FIG. 3. Localization of radioactivity in skin, muscle, and liver at {A) 1 
hr and (B) 24 hr after thermal injury or sham treatment. The radioactivity 
is expressed as percentage of injected radioactivity corrected for sample 
wet weight. Each bar represents the mean + SEM for (A) n = 8 animals 
and {B} n = 5 animals after sham treatment and for n = 6 animals after 
burn injury. PA.CA., panniculus carnosus; LA.DO, latissimus dorsi. 
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TABLE 1. Endogenous IgA in Thoracic Duct Lymph 


Collection IgA 
Period Volume Concentration Amount of 
(hr) Group (mL) (ug/mL) IgA (ug) 
0-12 Sham treated 8.8 + 0.6% 327 + 60 2703 + 772 
(n = 3) 
Burn injured 3.5 + 0.2 324 + 55 1055 + 110 
(n = 5) p < 0.03 NS p < 0.03 


* Mean + SEM. 


< 0.001) cf the sham-treated animals (Fig. 3A). In the 
latissimus dorsi muscle, the radioactivity was 2.5-fold in- 
creased in burn-injured rats, but the difference between 
this group and the controls was not significant. Contrary 
to the burn-injured skin and cutaneous muscle layer, ra- 
dioactivity in the liver was not significantly different after 
sham treatment or burn injurv (Fig. 3A). 

At 24 hours, the burn-injured skin had a fivefold in- 
crease in radioactivity compared with the skin of sham- 
treated rats (p < 0.001); the cutaneous muscle layer of 
burn-injured rats had a sixfold increase (p < 0.002) (Fig. 
3B). In the latissimus dorsi muscle of burn-injured rats, 
the radioactivity was twofold increased (p < 0.05). In 
contrast, the radioactivity in the liver was significantly 
increased in the sham-treated compared with the burn- 
injured animals (p < 0.02). 


Effect of Thermal Injury on Supply of IgA Delivered to 
the Circulation via the Thoracic Duct 


To test for the effect of thermal injury on the supply 
of IgA delivered by the thoracic duct, the duct was can- 
nulated and the rats then were subjected to sham treat- 
ment or burn injury. The volume of lymph collected dur- 
ing the 12 hours after treatment was significantly reduced 
in the burn-injured rats (p < 0.03). The concentration of 
IgA in the lymph was not different in the two groups. The 
total amount of IgA (product of volume X concentration) 
was reduced in the burn-injured compared with the sham- 
treated rats (p < 0.03) (Table 1). 


Discussion 


We previously demonstrated a large reduction in the 
amount and concentration of IgA protein in bile after 
burn injury in the rat.’ This loss of biliary IgA, and con- 
sequently of upper intestinal IgA, might be explained by 
reduced transport of pIgA across hepatocytes into bile, by 
decreased local synthesis of IgA in the liver, or by de- 
creased supply of plgA to the liver. The latter possibility 
was suggested by the previous observation that circulating 
total IgA and plgA were decreased after thermal injury.’ 
In the present study, we extended these observations and 
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probed the mechanism accounting for the diminished 
supply of IgA to the liver. We prevented loss of pIgA from 
the circulation by the transhepatic route by ligating the 
bile duct and tested the effect of burn injury on the con- 
centration of endogenous serum IgA in these animals (Fig. 
1). The concentration of serum IgA before and 24 hours 
after ligation was similar to that reported by other inves- 
tigators.'*!? After an additional 24 hours, rats subjected 
to sham treatment showed a further increase in serum 
IgA, whereas after burn injury there was a significant de- 
crease in serum IgA in the bile duct-ligated animals. This 


decrease in serum IgA might reflect enhanced loss from — 


or decreased supply of IgA to the circulation. 

Harms et al.” demonstrated that burn injury was ac- 
companied by a loss of vascular integrity, resulting in rapid 
transcapillary passage of proteins having a molecular size 
up to at least 340,000 daltons. Monomeric and dimeric 
IgA thus may leak from blood vessels in the injured an- 
imal. In control and burn-injured rats injected with !*°I- 
pIgA, we compared the radioactivity remaining in the skin 
and muscle layers of the burn-injured area, as well as the 
liver. One hour after burn injury, the radioactivity was 
significantly increased in the skin and cutaneous muscle 
layer of the burn site compared with the skin and muscle 
layer at the same site in sham-treated animals. The 
amount of radioactivity found in the tissues of burn-in- 
jured rats at 24 hours was greater than at | hour, suggesting 
that the increased vascular permeability persisted for some 
or all of that time. There was no significant difference 
between control and burn-injured rats in accumulation 
of radioactivity in the liver at 1 hour. The larger amount 
of radioactivity in the liver at 24 hours in sham-treated 
as compared with burn-injured animals may reflect greater 
persistence of radiolabeled pIgA in the circulation in these 
animals, which affords greater opportunity for uptake by 
the liver. The decrease in total radioactivity in liver of 
both groups during the interval between | and 24 hours 
may reflect intracellular breakdown and release of radio- 
activity from !”I-pIgA.?! 

Manning et al. demonstrated that drainage of lymph 
from the thoracic duct of rats by cannula resulted in a 
60% reduction in the concentration of IgA in the circu- 
lation and a 75% decrease in the concentration of IgA in 
bile. We found that the concentration of IgA in thoracic 
duct lymph obtained during the 12 hours after cannulation 
was about 0.3 mg/mL, and that it was the same in burn- 
injured and sham-treated rats. These values compare with 
1.6 mg/mL and 0.7 mg/mL reported by Manning et al. 
and Vaerman et al., respectively, for normal rats. Al- 
though of comparable magnitude, the differences in IgA 
concentration between these and the present study may 
relate to differences in age or strain of rats, or to assay 
methods using standards with different ratio of mono- 
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meric to polymeric IgA. Sham-treated animals produced 
a mean of 8.8 mL lymph per 12 hours. This output is 
consistent with the range of 4 to 25 mL per 24 hours 
previously reported.!’?>"4 The difference in volume of 
thoracic duct lymph in the burn-injured group (3.5 mL 
per 12 hours) may relate to changes in systemic fluid bal- 
ance during the first 12 hours after thermal injury or to 
decreased voluntary intake of water.” In the present ex- 
periments, IgA concentration in lymph and lymph volume 
were used to calculate the amount of IgA delivered by the 
thoracic duct in burn-injured and sham-treated rats. The 
amount of IgA delivered by the thoracic duct in the burn- 
injured group was reduced during the 12 hours of the 
collection period. Because the concentration of IgA in 
lymph was the same in the two groups of rats, it was the 
decrease in volume of lymph that was responsible for the 
decreased delivery of IgA. 

In conclusion, an increased loss of pIgA from the cir- 
culation into the traumatized tissues and a decrease: in 
supply of IgA delivered by the thoracic duct lymph to the 
circulation contribute to the decreased levels of IgA in 
the circulation after thermal injury and the decreased 
amount transferred into bile. Reduced delivery of IgA 
antibodies into the intestinal lumen by the bile may alter 
the immune defense of the gut in burned animals and 
may contribute to pathologic states such as those arising 
from bacterial translocation across the intestinal wall.' 
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Clinicopathologic Studies on Perineural Invasion 


of Bile Duct Carcinoma 
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SHINJI FUKATA, M.D., NAOKAZU HAYAKAWA, M.D., and SHIGEHIKO SHIONOYA, M.D. 


To elucidate the clinical] significance of perineural invasion on 
bile duct cancer, a clinicopathologic study was performed on 70 
resected patients with bile duct carcinoma. The overall incidence 
of perineural invasion in the resected specimen was 81.4%. There 
-seemed to be no correlation between perineural invasion and 
site, size of the tumor, and lymph node metastasis. A significant 
correlation was observed, however, between macroscopic type, 
microscopic type, depth of invasion, and perineural invasion. 
Perineural invasion index (PNT) was defined as the ratio between 
the number of nerve fibers invaded by cancer and the total number 
of nerve fibers with and without cancer invasion. Perineural in- 
vasion index was significantly higher at the center compared 
with the proximal and distal part of the tumor (p < 0.001). The 
5-year survival rate for patients with perineural invasion was 
significantly lower (p < 0.05) than that for those without peri- 
neural invasion (67% versus 32%). 


PREADING OF TUMOR through the perineurium 
and its clinical significance has been described in 
a variety of head and neck,'® prostate,°* and 
pancreas?! tumors. Previously, the perineural space was 
believed to be a part of the lymphatic system.'*!° Contrary 
to this, later studies described this space as a separate 
channel from the lymphatic system and as an independent 
route of tumor metastasis.°° 
Many authors have emphasized the nerve dissection 
together with the tumor resection as a more radical ap- 
proach to head, neck,'*!®!7 and pancreas head tumors.”!° 
The perineural spread of bile duct cancer and its clinical 
significance, however, remain unclear. No extensive study 
has been conducted on bile duct cancer. The purpose of 
this present study is to evaluate the clinical role of peri- 
neural invasion in bile duct cancer, especially its influence 
on the prognosis and the mode of spread of this tumor 
through the perineurium. 
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Materials and Methods 


From January 1979 through September 1990, 94 cases 
of bile duct carcinoma were resected at the First Depart- 
men? of Surgery, Nagoya University Hospital. This study 
was conducted on 70 of the 94 resected cases on whom 
all necessary information was available; the remaining 24 
cases were excluded from this study because of a lack of 
suthcient information. The age of the patients ranged from 
32 tc 82 years (mean, 57 years). Of the 70 patients, 48 
(68.5%) were men and 22 (31.5%) were women. In this 
study, the term carcinoma of the hepatic hilus included 
lesions arising from the common hepatic duct, right, left, 
or bcth hepatic duct and intrahepatic bile duct cancer 
invacing the hepatic hilus. The middle and lower bile 
duct cancers also were included, and the lesions arising 
from the papilla of Vater and the gallbladder were ex- 
cluded from this study. All patients were precisely eval- 
uated preoperatively, and the lesions were resected at the 
following surgical operations: 


l. Bile duct resection only (n = 2) 

2. Hepatectomy with bile duct resection (n = 46) 
3. Pancreatoduodenectomy (n = 18) 

4. Hepatopancreatoduodenectomy!*(n = 4) 


After operation, the resected specimens were imme- 
diatel processed first with normal saline and then with 
a mixzure of equal parts of formalin. Resected specimen 
cholangiography was done for every case. Each then was 
washei, photographed, described, and then submersed 
inte the formalin solution before further study. The fixed 
resected specimens were serially sliced in each 5 mm that 
corres2onded with the cuts generated by the recent com- 
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puted tomography (CT) scan. The blocks were taken from 
the slices processed through paraffin and the slides were 
prepared for microscopic study staining with hematoxylin 
and eosin. The perineural invasion was defined as tumor 
cells found in the perineural spaces and extending along 
them. Nerve fiber with or without perineural cancer in- 
vasion was calculated at least three places in each part of 
the tumor, and perineural invasion index (PNI) was cal- 
culated from the mean values in each part of the tumor 
according to the following formula: 


Fic. 1. The microscopic features of (a) PNI grade 
I bile duct cancer show no cancer cells in the 
perineural space (arrows). Invasion of many per- 
ineural spaces by cancer cells (arrowheads) and 
some of the perineural spaces without cancer in- 
vasion (arrows) can be seen in (b) PNI grade II 
bile duct cancer. Almost all of the perineural 
spaces are severely involved by cancer cells (ar- 
rowheads) in case of (c) PNI grade III bile duct 
cancer. 


PERINEURAL INVASION OF BILE DUCT CANCER 
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_ Number of nerve fiber invaded by tumor 


~ Total number of nerve fibers with 
and without tumor invasion 


PNI 


The PNI was calculated at the proximal end, the center, 
and the distal end of the tumor, and the grade of perineural 
invasion was made according to the PNI. Grade I means 
PNI = 0.00 (this group had no perineural invasion), grade 
II means PNI < 0.70, and grade III means PNI = 0.70 
(this group had severe perineural invasion) (Fig. 1). Fol- 
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low-up information was available for all 70 patients for 
periods that varied from 9 months to 131 months, the 
average being 65.5 months. The Kaplan-Meier method 
was used to evaluate the survival rate. The statistical anal- 
ysis was done by paired and nonpaired Student’s t test, 
generalized Wilcoxon test, and chi square test. 


Results 
Operative Procedures 


An operative procedure was selected according to the 
preoperative precise diagnosis. Curative operation was 
performed in 53 patients and noncurative resection in 17 
patients. In case of bile duct carcinoma of the hepatic 
hilus, caudate lobe resection was included in all patients 
together with bile duct or liver resection according to our 
strategy of treating this carcinoma.'? 


Perineural Invasion Index in Bile Duct Cancer 


To find out the frequency of perineural invasion in bile 
duct cancer and possible direction of spread of cancer 
through the perineural space, the PNI was calculated at 
the proximal, center, and distal part of the bile duct cancer 
(Table 1). This showed the distinct significant differences 
of PNI between the center of the tumor, and proximal or 
distal to the tumor (p < 0.001). Conversely, the distal PNI 
was significantly more than that of the proximal in car- 
cinoma of the hepatic hilus (p < 0.01). There was, how- 
ever, no significant difference between the proximal and 
distal site of the tumor in middle and lower bile duct 
cancer. These findings suggested that the most frequent 
site of nerve involvement by cancer was around the center 
of the tumor and could be disseminated either proximally 
or distally through the perineural space, but the distal 
dissemination was more frequent than proximal (p 
< 0.01). 


Perineural Invasion and Location of Primary Tumor 


Fifty-seven of the total seventy (81.4%) resected cases 
of bile duct cancer showed perineural invasion. It was 


TABLE 1. Perineural Invasion Index in Bile Duct Cancer 











Location of Location of Primary Lesion 
PNI 

Calculation Hepatic Hilus Middle and Lower Total 
Proximal 0.06 + 9.04) . 0.02 + 0.01 7 z 0.05 + 0.054, 
Center 0.37 + 0.31 Rh 0.35 + 247] ax 0.36 + 024; h 
Distal 0.13 + 0.09 0.01 + 0.01 0.10 + 0.11 

Mean + SD. 

* p < 0.001. 

tp < 0.01. 


PNI, perineural invasion index. 
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TABLE 2. Relation Between Gross Type of Lesion 
and Perineural Invasion 


Perineural Invasion 


Gross Type Positive Negative 
Papillary (n = 14) 6 (42.8%) 8 (57.2%) 
Nodular (n = 22) 17 (77.2%) 5 (22.8%) 
Nodular infiltrating (n = 10) 10 (100.0%) 0 (0.0%) 
Infiltrating (n = 24) 24 (100.0%) 0 (0.0%) 
Total (n = 70) 57 (81.4%) 13 (18.6%) 


Statistically significant (p < 0.01). 


observed in 42 of 52 (80.7%) of the carcinoma of the he- 
patic hilus, 7 of 8 (87.5%) of the middle bile duct cancer, 
and 8 of 10 (80%) of the lower bile duct cancer. From 
these findings, no significant conclusion could be drawn 
as to the relation between the primary site of tumor and 
perineural invasion. 

The relation between the gross macroscopic feature of 
the lesion and perineural invasion is shown in Table 2. 
There was a statistically significant relation between the 
macroscopic type of the tumor and the presence of peri- 
neural cancer invasion (p < 0.01). 


Correlation Between Perineural Invasion and Histologic 
Type 


Perineural invasion was less frequently observed in 
papillary adenocarcinoma than in the other histologic 
types (Table 3). These findings were suggestive of a cor- 
relation between the histologic type and perineural in- 
vasion. The statistically significant correlation was ob- 
served between the papillary and nonpapillary carcinomas 
(p < 0.05). 

The relation between the depth of cancer invasion and 
perineural invasion is shown in Table 4. A distinct sig- 
nificant correlation can be found between the depth of 
cancer invasion and perineural invasion (p < 0.01). The 


TABLE 3. Correlation Between Perineural Invasion 
and Histologic Type 


Perineural Invasion 


Histologic Type Positive Negative 

Papillary adenocarcinoma (n = 6) 3 (50.0%) 3 (50.0%) 
Well-differentiated adenocarcinoma 4 (18.2%) 

(n = 22) 18 (81.8%) hi 
Moderately differentiated 

adenocarcinoma (n = 39) 33 (84.6%)  6(15.4%) 
Poorly differentiated adenocarcinoma 

(n = 2) 2 (100.0%) O (0.0%) 
Adenosquamous cell carcinoma 

(n = 1) l (100.0%) 0 (0.0%) 


"p< G05. 
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TABLE 4. Correlation Between Depth of Cancer Invasion 
and Perineural Inyasion 


Perineural Invasion 


Derth of Invasion Positive Negative 
Mucosa (n = 3) 0 (0%) 3 (100%) 
Fibromuscular layer (n = 4) 2 (50%) 2 (50%) | 
Adventitia {n = 2} 1 (50%) 1 (50%) r 
Subserosa ín = 46) 40 (87%) 6 (13%) 
Serosal exposure (n = 9) 8 (89%) 1 (11%) l 
Invasion to other organ (n = 6) 6 (100%) 0 (0%) 


Statistically significant (p < 0.01). 
* p < 0.001. 


perineural invasion was more frequently observed in tu- 
mors with invasion to or beyond the subserosal layer, 
whereas no perineural invasion was seen in mucosal tu- 
mors. Conversely, statistically more significant correlation 
was observed between the depth of invasion limited to 
the adventitial layer group and the depth of invasion to 
and beyond the subserosal layer group (p < 0.001). 


Association of Perineural Inyasion with Vascular, Lym- 
phatic, and Lymph Node Involvement 


Among the perineural invasion-positive patients, 49.1% 
showed lymph node metastasis, whereas 23% of the per- 
ineural invasion-negative patients had lymph node me- 
tastases (Table 5). This result suggested that there was no 
relation between the perineural invasion and lymph node 
metastasis. A significant association between the peri- 
neural invasion with vascular (p < 0.001) and lymphatic 
vessels (p < 0.001) involvement were observed, however. 


Tumor Size and Perineural Invasion 


Twelve of fifteen (80%) patients with a tumor equal 
and less than 2 cm in diameter showed perineural inva- 
sion. Of 55 patients with a tumor more than 2 cm in 
diameter, 45 (81%) disclosed perineural invasion. This 
finding seemed to show no relation between the perineural 
invasion and the size of the tumor. 


TABLE 5. Association Between Perineural Invasion with Vascular, 
Lymphatic, and Lymph Node Involvement 


Perineural Invasion 


Negative 
Cancer Involvement Positive (%) (%) 
Vascular positive 49/57 (85.9) 4/13 (30.7) p < 0.001 
Lymphatic positive 54/57 (94.7) 6/13 (46.1) p < 0.001 
Lymph node positive 28/57 (49.1) 3/13 (23.0) NS 
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Correlation Between Perineural Invasion and Local Re- 
currence 


Eignt of the 57 (14%) patients with positive perineural 
invasion showed local recurrence. No negative perineural 
invasion (0/13) patients had local recurrence, however. 
This finding was suggestive of a relation between local 
recurrence and perineural invasion. This was not statis- 
tically significant, however. 


Survival 


The 3-year and 5-year survival rates were 44% and 31%, 
respectively, for all 70 resected cases. The survival curve 
of patients (excluded four operative deaths) according to 
the presence or absence of perineural invasion showed 
that the survival rate of patients with perineural invasion 
was significantly lower than that of those without peri- 
neural invasion (p < 0.05) (Fig. 2). The 3- and 5-year 
survival rates for patients without perineural invasion are 
80% and 67%, in contrast to that for those with perineural 
invasion: 41% and 32%, respectively. The survival curve 
of patients according to the grade of perineural invasion 
is shown in Figure 3. The patients with grade I perineural 
invasion had a significantly better survival when compared 
with grade II (p < 0.05) and grade III (p < 0.01) perineural 
invasion groups. Moreover, there were no 5-year survivors 
in the grade III group, whereas 67% survived in the grade 
I group. - 


Discussion 


The surgical management of bile duct cancer is difficult, 
particularly in cases of carcinoma of the hepatic hilus, 
With the recent improvement of investigative and surgical 
techniques, the rate of curative resection of the carcinoma 
of the hepatic hilus has been increasing, with acceptable 
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FIG. 2. The survival curves of the patients according to the presence or 
absence of perineural invasion excluding the four operative deaths. A 
statistically significant difference is seen between patients with and without 
perineural invasion (p < 0.05). 


@ Grade | (= 13) 
o Grade H (i= 44) 
à Grade E (f= $) 


SURVIVAL % 





5 6 7 8 9 10 11 
Years 


Fic. 3. The difference in survival distribution according to the grade of 
perineural invasion excluding the four operative deaths. Grade I shows 
significantly better prognosis compared with grade II and grade III (I vs. 
II, p < 0.05; I vs. HI, p < 0.01; H vs. IH, NS). The grade I lesion in 13 
patients shows 80% 3-year and 67% 5-year survival rates, in contrast to 
46% 3-year and 41% 5-year survival rates for 44 patients with grade II 
perineural invasion and 11% 3-year and 0% 5-year survival rates for 9 
patients with grade III perineural invasion. 


mortality rates.'?° Local recurrence, however, could be 
observed in some cases even after curative resection of 
this tumor. 

Spreading of bile duct cancer may occur through any 
of the following ways: (1) direct invasion or extension, (2) 
seeding, (3) vascular, and (4) lymphatic permeation. There 
are few reports on the significance of the perineural spread 
in view of treatment. However, this has a great influence 
on survival of the patients, according to the observations 
from the present study. 

Since the Ernst’s*! first report of tumor spread through 
the neural spaces, there have been reports on perineural 
spread of cancer at different situations." Many 
authors! :!*!7 emphasized resection of the nerve together 
with a primary tumor as a more curative approach to 
prevent recurrence of the tumor as well as distal spread 
in head and neck tumor. Moreover, some authors”!® have 
suggested concomitant nerve tissue dissection together 
with celiac ganglionectomy as a more radical surgical 
treatment for carcinoma of the head of the pancreas. Oth- 
ers,>!© however, described that sometimes the spread of 
tumor was so distant through the perineurium that it was 
ignored at first observation but during the latter period 
of observation it became unresectable. 

Many authors!*!> had previously described that the tu- 
mor cells spread by embolism or permeation into the 
lymphatic channels of the perineurium. Contrary to that, 
recently many authors% described by light and electron 
microscopic studies that the perineural spaces were en- 
tirely different from lymphatic system and there was no 
connection between the perineurium and the lymphatic 
system. Moreover, they did not observe any lymphatic 
vessels in the nerve tissue. 
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Larson et al. observed in an experimental study that 
the injected material (India ink) in the perineurium of 
the femoral, median, lingual, and hypoglossal nerves 
passed both proximally and distally. Our findings showed 
that the spread of tumor through the perineurium was 
significantly dominant in the distal direction of the bile 
duct in carcinoma of the hepatic hilus. This may be due 
to the fact that the intrahepatic perineural space is not so 
wide as the extrahepatic perineural space, which is the 
proximal part of the autonomic nervous system. There- 
fore, the tumor could be extended through the wider 
pathway more easily than through the narrow pathway; 
however, the tumor spread could be occurring in any di- 
rection. 

Our findings suggested that there was a correlation be- 
tween the depth of cancer invasion, macroscopic and mi- 
croscopis type of tumor, and the perineural invasion. The 
perineural invasion was encountered more frequently 
when the tumors invaded the subserosal layer and beyond 
the subserosa. Moreover, a significant association with 
the perineural invasion and lymphatic and vascular in- 
vasion was encountered. This may be due to aggressive 
invasive behavior of the cancer. Our study showed no 
correlation between the perineural invasion and the oc- 
currence of metastases to regional lymph node, the site 
and size of the tumor, and local recurrence. The present 
study concludes that spreading of the bile duct cancer ` 
does take place through the perineural space, and the sur- 
geons should always keep their mind on this fact during 
managing the bile duct cancer. 

Tompkins et al.” reported several prognostic factors 
regardirg proximal bile duct carcinoma. They did not 
mention the perineural invasion as a prognostic factor for 
this tumor, however. White” denied the importance of 
perineuzal invasion on survival of bile duct cancer pa- 
tients. Moreover, Beazly et al.” advocated that the nerve 
invasion was a very common finding in high bile duct 
cancer; however they could not find out any biologic sig- 
nificance of perineural invasion. Many authors, 12526 
however, have pointed out a significant correlation be- 
tween p2rineural invasion and prognosis. They have stated 
that patients with positive perineural invasion implied a 
hopeless prognosis. The present study also showed a good 
correlat.on between the survival of patients and the peri- 
neural invasion. This shows that the 5-year survival rate 
was 67% of patients without perineural invasion, con- 
trasting with 0% of patients with severe perineural inva- 
sion. Tais result strongly suggested that the perineural 
invasion has a profound impact on survival of the patient 
with bile duct carcinoma. 

Therzfore, we would like to emphasize the need of au- 
tonomic nerve fiber and plexus dissection around the he- 
patic and celiac arteries, portal vein, and sometimes right 
celiac ganglionectomy, together with the lymph nodes, 
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lymphatic, and connective tissues dissection to eradicate 
the cancer tissue completely and perform the curative op- 
eration for bile duct cancer. We have been hoping to eval- 
uate such an aggressive procedure in view of operative 
morbidity, mortality, and quality of life of the patients. 
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Prognostic Value of Serum CA 19-9 Levels 
in Pancreatic Adenocarcinoma 





FUZHOU TIAN, M.D.,* HUBERT E. APPERT, PH.D.,f JONATHAN MYLES, M.D.,t and JOHN M. HOWARD, M.D.* 


Thirty-eight patients with histologically proven pancreatic ad- 
enocarcinoma were investigated to establish the utility of serum 
CA 19-9 as a prognostic indicator. CA 19-9 assays were per- 
formed serially during the course of the disease. In four patients 
with negative Lewis blood type, the CA 19-9 levels remained 
essentially normal throughout the disease course. In the re- 
maining 34 patients, (1) CA 19-9 levels were significantly lower 
in patients with tumor size no larger than 5 cm in diameter, and 
in patients with resectable tumors than in those with tumor size 
larger than 5 cm or with unresectable tumors (p < 0.01). 2) CA 
19-9 levels dropped sharply after resection in all 11 resectable 
patients, whereas no significant change was found after lapa- 
rotomy without resection. (3) The average survival time in seven 
patients whose CA 19-9 levels returned to normal after resection 
was significantly longer than in those four patients with post- 
operative CA 19-9 levels that decreased but did not return to 
normal (21.9 versus 8.7 months, p < 0.05). (4) In 6 of 11 patients 
who underwent resection, recurrent elevation of CA 19-9 preceded 
changes detectable by computed tomography or clinical exami- 
nation by 2 to 9 months. (5) In 23 patients who died of pancreatic 
carcinoma, 15 (65%) had an obvious rise in CA 19-9 level before 
death. There was a correlation between the doubling time of the 
CA 19-9 serum level and survival time (r = 0.5, p < 0.05). Be- 
cause it can be demonstrated that the reduction of tumor burden 
by resection lowers serum CA 19-9 levels, serum CA 19-9 levels 
may be a useful indicator of whether other forms of treatment 
such as radiation therapy or chemotherapy also reduce the tumor 
burden. 


INCE THE CA 19-9 monoclonal antibody was pro- 

duced from a hybridoma cell line that was estab- 

lished by Koprowski et al.’ in 1979, much has been 
written on its usefulness in patients with exocrine pan- 
creatic adenocarcinoma.” There are limitations, how- 
ever, on its use for the initial diagnosis of the disease.®’ 
' Currently, attention is being focused on the utility of 
serum CA 19-9 in determining the prognosis of postop- 
- erative surgical patients with pancreatic adenocarcinoma 
and in monitoring postresection patients for recurrence 
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of the disease.®” It has been reported’? that patients who 
are Lew-s blood type negative (Le? >") do not express the 
CA 19-9 antigen, and thus, a negative Lewis blood type 
may be seen in a significant number of pancreatic patients 
who lack elevated serum CA 19-9 levels.'° The present 
study is a clinical evaluation of the value of serial mea- 
surements of serum CA 19-9 levels in determining prog- 
nosis in patients with pancreatic adenocarcinoma in pa- 
tients that are Lewis blood type positive. 


Materials and Methods 


Between January 1987 and November 1990, 38 patients 
(22 men and. 16 women) with histologically proven pan- 
creatic adenocarcinoma were studied. Each patient un- 
derwent laparotomy, at which time the longest diameter 
of the tumor was recorded. The patients were divided into 
two groups according to the tumor size (group 1, tumor 
size < 5 cm; group 2, tumor size > 5 cm). They were 
seconderily grouped by tumor resectability versus non- 
resectability. Serum CA 19-9 serum levels were deter- 
mined serially by an immunoradiometric assay using the 
Centocor radioimmunoassay kit (Centocor, Inc., Malvern, 
PA). A value of 37 U/mL was used as the upper limit of | 
normal '' Serum samples were collected from the patients 
1 or 2 weeks before operation and approximately | week, 
1 monti, and every 3 months after operation. For patients 
with serum CA 19-9 levels lower than 500 U/mL, Lewis 
blood type was tested using blood grouping serum Anti- 
Le? anc Anti-Le® (Ortho Diagnostic Systems, Inc., Rari- 
tan, NJ). Additional follow-up studies included clinical 
examination, routine biochemical and hematologic pro- 
files, ard computed tomography (CT) scans at 3-month 
interva_s after operation. The rate of the increase of CA 
19-9 levels was evaluated in terms of doubling time, the 
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time in days required for the CA 19-9 to double.” It was 
determined on the time axis between the two points that 
corresponded to the doubled serum CA 19-9 values. 


Statistical Analysis 


Determination of statistical significance of comparisons 
in CA 19-9 values was calculated using Mann-Whitney 
U test because of the skewness in the distribution of the 
data.'? For comparisons in survival time, the Student’s t 
test was employed. The correlation between doubling time 
and survival time was calculated by linear regression using 
the least square method. 


Results 


Patients Included in the Study 


Of the 38 patients, 35 had one or more preoperative 
CA 19-9 determinations. The CA 19-9 levels ranged from 
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Fic. 1. Serum CA 19-9 levels in 14 patients with tumor sizes of 5 cm or 
less compared with 17 patients with tumor sizes greater than 5 cm. Data 
in this figure and in all subsequent figures were taken from patients with 
Lewis-positive blood. The bars represent median values (p < 0.01). 
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Fic. 2. Comparison of CA 19-9 serum levels between 11 patients with 
resectable disease and 20 patients with unresectable disease. The bars 
represent median values (p < 0.01). 


<6 to 238,900 U/mL, the median being 330. Of the 35 
patients, 22 had preoperative serum CA 19-9 levels lower 
than 500 U/mL. Of the 22, four were Lewis blood type 
negative. The four lowest CA 19-9 levels were found in 
Lewis-negative patients, including three normal values 
(<6, 9.2, 21,45 U/mL). After excluding these four Lewis- 
negative patients, the median CA 19-9 level in the series 
was 360 U/mL. 


Relation Between CA 19-9 and Tumor Size or Resect- 
ability 


In 31 patients who were Lewis blood type positive and 
whose CA 19-9 titers were measured preoperatively, 14 
had tumors with diameter < 5 cm, 17 had tumors with 
diameter > 5 cm. As shown in Figure 1, the medians of 
serum CA 19-9 levels of these two groups were 120 U/ 
mL and 750 U/mL, respectively. The difference were sta- 
tistically significant (p < 0.01) in spite of the multiple 
overlaps of the CA 19-9 values between the two groups. 
As shown in Figure 2, similar results (p < 0.01) were ob- 
tained when the 31 patients were divided into resectable 
(n = 11, median of CA 19-9 = 130 U/mL) and unre- 
sectable (n = 20, median of CA 19-9 = 745 U/mL). groups. 
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Response to Tumor Resection 


Fourteen of thirty-eight patients underwent a standard 
or radical pancreaticoduodenectomy, usually with intra- 
operative radiation. Of the 14 patients that underwent 
pancreaticoduodenectomy, 12 survived longer than | 
month and were included in the study. In those 12 pa- 
tients, the serum CA 19-9 level decreased sharply over a 
2-week period after resection except the one Lewis-neg- 
ative patient whose preoperative CA 19-9 level had been 
normal (Fig. 3A). In 7 of the remaining 11 patients with 
positive Lewis blood type, the CA 19-9 levels fell to within 
the normal range. In four patients, after radical resection, 
the levels decreased but remained above normal. As a 
control group, 11 patients with unresectable tumors un- 
derwent simple laparotomy and biopsy. No significant 
changes in CA 19-9 levels were found after operation. 
There was, however, to a certain extent, a decrease in CA 
19-9 level in seven of nine unresectable patients with ob- 
structive jaundice after biliary decompression (Fig. 4). 


Response of CA 19-9 to Recurrence or Metastasis 


In 6 of the 11 Lewis-positive patients who survived 
“curative” resections, distant metastasis or local tumor 
recurrence was subsequently detected. The secondary ele- 
vation of the CA 19-9 level was detected 3 to 24 months 
after operation. These secondary elevations preceded de- 
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tectable CT scan changes or clinical examination by 2 to 
9 montks (Table 1). 


Prediction of Survival Time 


In seven tumor-resectable, Lewis-positive patients with 
normal postoperative CA 19-9 levels, the average survival 
time was >21.9 months as shown in Figure 3A. Of these 
seven patients, four remain alive and well 13 to 29 months 
later wich relatively stable, low levels of CA 19-9 and 
without any clinical evidence of recurrence or metastasis 
of the d_sease up to the time of this report. One showed 
a seconcary elevation of CA 19-9 before hepatic metastasis 
was found by CT. In four patients whose CA 19-9 levels 
remained elevated after operation, the average survival 
time was 7.8 months, a significantly shorter time than the 
former 2roup (p < 0.05) (Fig. 3B). Figure 5 shows the 
sequence of changes in CA 19-9 levels in two typical pa- 
tients w_th different postoperative courses. In 26 patients 
who died of pancreatic cancer, three were Lewis-negative 
patients whose CA 19-9 remained a low value until death. 
Of the 23 Lewis-positive patients, 15 had an obvious rise 
in CA [9-9 level before death (65%). After a sudden rise 
in CA 19-9 levels, the patients’ subsequent survival was 
approximately 2.9 to 13.8 times their CA 19-9 doubling 
time. A linear correlation (r = 0.5, p < 0.05) was estab- 
lished bztween these two times (Fig. 6). 
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Fic. 3. (A, left) Changes in serum CA 19-9 levels in 11 patients who underwent resec-ion of pancreatic carcinoma. Shaded area represents normal 
range of serum CA 19-9 levels. (B, right) Mean survival times of seven patients with normal serum CA 19-9 levels after operation versus four patients 


with elevated CA 19-9 levels. 
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Fic. 4. Serum. CA 19-9 levels before and after operation for unresectable 
pancreatic carcinoma in 9 patients who underwent biliary bypass for 
jaundice (closed circles) and in [1 patients without jaundice who un- 
derwent laparotomy (open circles). 


Discussion 


Numercus investigators have reported on the utility of 
CA 19-9 in early and differential diagnosis of pancreatic 
adenocarcinoma. The sensitivity (69% to 93%) and spec- 
ificity (78% to 98%) reported in various series were quite 
encouraging.'!4'® Only a few reports, however, have 
appeared evaluating the utility of serum CA 19-9 deter- 
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Fic. 5. Serum CA 19-9 levels in two typical patients with different courses 
of pancreatic carcinoma after tumor resection. Patient A (triangles), a 
61-year-old man, died of liver metastasis at the time indicated by the 
vertical bar. Patient B (circles), a 50-year-old man, is alive and well. 


minaticn in monitoring the course of the disease.*” This 
study has evaluated the usefulness of monitoring patients 
with known carcinoma of the pancreas by serial CA 19- 
9 radioimmunoassay. Previous investigators have noted 
that an elevation of serum CA 19-9 can be a measure of 
tumor progression.'”’® One of the important factors lim- 
iting the sensitivity of serum CA 19-9 assay is that some 
pancreatic cancers do not express this antigen to an ap- 
preciable extent. Exclusion of these patients is thus a pre- 
requisite for the use of serum CA 19-9 antigen levels in 
the diagnosis and evaluation of the progress of the disease. 

Studies have shown that subjects with the Le* >" blood 
group practically never produce CA 19-9 antigen.’®!? The 
CA 19-9 epitope is a complex carbohydrate that is a sia- 
lated Lewis (Le*) blood group antigen. The expression of 
the CA 19-9 epitope depends on the presence of the gly- 
cosyltransferase that sialates the Lewis antigen.” The 


TABLE 1. Lead Time of CA 19-9 Re-elevation vs. Clinical Evidence of Cancer Recurrence 


Clinical Evidence of Cancer 


Time of CA 19-9 Level Progression 
Re-elevation Lead Time of CA 19-9 
Patient Aze Sex (mo after operation) Time Examination Results Assay (mo) 
i 56 M 24 31 CT Pulmonary metastasis 7 
2 59 F 6 8 CT Local cancer recurrence 2 
PE Abdominal wall metastasis 
3 50 F 6 10 CT (—) Laparotomy Hepatic metastasis 4 
4 61 M 3 9 CT Hepatic metastasis 6 
5 67 M 12 21 CT Hepatic metastasis 9 
é 65 F 3 5 CT Pulmonary metastasis 2 


CT, computed tomography; PE, physical examination. 
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FIG. 6. The linear correlation between survival time and doubling time 
of serum CA 19-9 levels in 15 patients with marked increases of CA 19- 
9 levels before death (r = 0.5, p < 0.05). 


Le*~> pancreatic cancer patients cannot express CA 19- 
9 because they do not have the oligosaccharide of the 
Lewis antigen to which sialic acid is added to form the 
CA 19-9 epitope. Approximately 5% of the population 
are Lewis type negative.*! Consequently it is reasonable 
to reject Le™™ patients as candidates for serum CA 19- 
9 monitoring of their disease progression. In addition, 
poorly differentiated neoplasms may lack production of 
the CA 19-9 antigen.” In the current series, 4 of 38 pa- 
tients belonged to the Le™™®™ group (11%). All CA 19-9 
serum levels of these four patients, before and after op- 
eration, including their preterminal levels, were less than 
61 U/mL. Excluding these four patients, the preoperative 
sensitivity of CA 19-9 assay improved, the median value 
rising from 330 to 360 U/mL. 

Our data in the 34 Lewis positive patients indicate that 
higher levels of serum CA 19-9 are correlated with larger 
tumor sizes even though much overlap existed. This sup- 
ports the concept that CA 19-9 levels can be used as an 
indicator of tumor burden. Also, relatively low CA 19-9 
levels suggest a likelihood of resectability of the pancreatic 
cancer, because in 6 of 11 Lewis-positive resectable pa- 
tients, the preoperative CA 19-9 levels were below 200 U/ 
mL. Although only slightly elevated serum CA 19-9 levels 
can reflect a better prognosis for patients with pancreatic 
cancer, such values require that other diagnostic means 
be used to rule out nonmalignant pancreatic or biliary 
tract diseases.” 

The comparison of the postoperative serum CA 19-9 
levels with the preoperative level could, from our obser- 
vation of 11 resectable Lewis-positive patients, provide 
information about the effectiveness of the operative re- 
section. Each of the 11 patients who had their tumors 
removed had a sharp decrease in CA 19-9 serum concen- 
tration. Furthermore, the survival time in the seven pa- 
tients in whom postoperative CA 19-9 dropped to the 
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normal range was significantly longer than in the four 
with persistently elevated CA 19-9 levels. Each of the latter 
four patients died of tumor recurrence or distant metas- 
tasis that had become evident much earlier than in the 
group with normal postoperative CA 19-9 levels. This 
suggests that the persistently elevated serum CA 19-9 level 
reflects the presence of a “critical volume” of cancer. By 
comparison, simple laparotomy and biopsy, without re- 
section, resulted in no significant change in the CA 19-9 
levels in 11 patients without obstructive jaundice. Simi- 
larly, in nine patients with preoperative jaundice, biliary 
bypass resulted in only a slight decrease in CA 19-9 levels. 
Studies of the metabolic degradation of the CA 19-9 have 
not yet been reported in the literature. Serum CA 19-9 
levels, however, decrease in the patients after biliary de- 
compression, presumably as a result of improved hepatic 
function and biliary drainage rather than from any 
regression of the cancer per se.” 

After the decrease of the CA 19-9 level after resection, 
a secondary rise is very suggestive that a clinically signif- 
icant metastasis or local recurrence is evolving. Of 11 re- 
sectable patients, six who subsequently developed recur- 
rence cr metastasis had a secondary elevation in CA 19- 
9 before the CT scan or clinical evaluation demonstrated 
the lesions. Five of the six died of the cancer. The lead 
time of CA 19-9 assay was from 2 to 9 months. One in- 
dividual in the group of 11 patients did not show a sec- 
ondary elevation before death, even though he was verified 
as being Lewis positive. 

A review of the literature indicates that survival 
time acter diagnosis, expressed in multiples of doubling 
time of various serum tumor markers, can be used as a 
basis for prognosis and for evaluating the effect of various 
therapeutic modalities. Effectively treated cancer patients 
may survive up to 20 or more doubling times, as opposed 
to ineflectively treated patients, whose life expectancy may 
be only a few doubling times.’ In our patients, the rate 
of the increase of CA 19-9 concentration could, to some 
extent. bé correlated with the survival time both in re- 
sectable and in unresectable patients. The survival time 
rangec from 2.9 to 13.8 times the doubling time. Because 
many factors in clinical practice influence the survival 
time, an exact correlation could not be expected. In 23 
patients, however, who died of their cancer, 15 (65%) re- 
vealed an increasing CA 19-9 level before death. A linear 
correlation between doubling time and survival time was 
found This suggests that any therapeutic procedure that 
slows the rate of serum CA 19-9 increase should prove 
effective in prolonging the survival of patients with pan- 
creatic carcinomas. 

From our data, we conclude that the serum CA 19-9 
assay is useful for monitoring the progress of the disease 
in patients with either resectable or unresectable pan- 
creatic adenocarcinomas. Serial examination of serum 
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levels of this antigen in the Lewis-positive patient appar- 
ently reflects the tumor burden at any given time. Hope- 
fully, as with the carcinoembryonic antigen level in the 


patient with cancer of the colon, a secondary rise in the ~ 


CA 19-9 level may alert the physician to the need for 
careful re-evaluation of his patient’s therapy. 


Conclusions 


Among 34 patients who were Lewis blood type positive, 
significantly lower serum CA 19-9 levels were found pre- 
operatively in those patients with the smaller cancers and 
in those whose cancer proved resectable. After resection 
of the tumor, the serum concentration of CA 19-9 de- 
creased. A secondary rise in the serum level preceded, by 
2 to 9 months, the verification of recurrence or metastasis 
by other means. Among those patients whose CA 19-9 
level decreased to the normal range after resection, the 
subsequent survival time was significantly longer than was 
the survival time of those patients whose CA 19-9 level 
remained higher than normal after resection. In the overall 
group, 23 of 34 Lewis-positive patients who died during 
the course of the study, 65% of the patients demonstrated 
an obvious rise in CA 19-9 level before death. Among the 
four patients (11%) who were Lewis blood type negative, 
none showed a significantly elevated CA 19-9 level during 
the course of their disease. Thus, in 89% of the patients 
who are Lewis blood type positive, the CA 19-9 serum 
antigen level provides a useful indicator of the prognosis 
and effectiveness of the treatment of cancer of the exocrine 
pancreas. 
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Cytokine Serum Level During Severe Sepsis in 
Human IL-6 as a Marker of Severity 
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Forty critically ill surgical patients with documented infections 
were studied during their stay in an intensive care unit. Among 
these patients, 19 developed septic shock and 16 died, 9 of them 
from septic shock. Interleukin 18 (IL-18), tumor necrosis factor 
(TNFa), and interleukin 6 (IL-6) were measured each day and 
every I or 2 hours when septic shock occurred. Although IL-18 
was never found, TNFa was most often observed in the serum 
at a level under 100 pg/mL except during septic shock. During 
these acute episodes TNFa level reached several hundred pg/ 
mL, but only for a few hours. In contrast, IL-6 was always in- 
creased in the serum of acutely ill patients (peak to 500,000 pg/ 
mL). There was a direct correlation between IL-6 peak serum 
level and TNFa peak serum level during septic shock and be- 
tween IL-6 serum level and temperature or C-reactive protein 
serum level. Moreover, IL-6 correlated well with APACHE II 
score, and the mortality rate increased significantly in the group 


of patients who presented with IL-6 serum level above 1000 pg/_ 


mL. Thus, IL-6 appears to be a good marker of severity during 
bacterial infection. 


TOR a (TNFa) are two cytokines primarily produced 

by activated macrophages in response to injury.’ 
They mediate several systemic changes associated with 
trauma or infection such as fever, neutrophilia, and in- 
creased hepatic acute phase protein synthesis.” It is now 
thought that many of the consequences of bacterial sepsis 
are due to the release of these polypeptides. In particular, 
TNFa has been shown to be involved in septic shock.’ 
When injected intravenously in animals, it produces the 
same effects as endotoxin*”; passive immunization against 
TNFe also protects mice, rabbits, or baboons from the 
lethal effects of endotoxin or gram-negative bacter- 
emia.°§ In humans, TNFa can be detected in the serum 
of volunteers after endotoxin injection.”° During septic 
shock, high TNFa serum levels have been observed 
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by many authors in severely ill pediatric or adult pa- 
tients.!-!° The role of IL-1 is less clear; like TNFa it can 
induced a shock state in rabbits,’’ and high peak levels 
were observed in purpura fulminans by Girardin et al.!? 

Interleukin 6 (IL-6) is another cytokine that appears to 
be the most efficient stimulator of the production by the 
liver of the acute phase proteins. It is probably a second 
messenger released by macrophages, endothelial cells, or 
fibroblast and other cells in response to IL-18 or TNFa.’ 
High serum levels of IL-6 measured by bioassay have al- 
ready been found during sepsis in humans.!?° 

To document the involvement of IL-18, TNFa, IL-6 
in hurran infection, and in particular in septic shock, we 
investigated critically ill patients during the course of bac- 
terial infections. 


Materials and Methods 
Patients 


Forty critically ill patients with documented infections 
were s-udied during their stay in a surgical intensive care 
unit. All patients (or their relatives) gave us informed 


- consent to draw blood and perform cytokines measure- 


ment. There were 20 intra-abdominal infections (12 with 
gram-negative bacteria [GNB], 2 gram-positive cocci, 2 
anaercbic bacteria, and 4 with mixed flora), 5 mediastinitis 
(1 Staphylococcus aureus, 4 GNB), 3 bronchopneumonia 
(1S. aureus, 2 GNB), 9 septicemia (1 S. aureus, 8 GNB), 
2 vascular graft infections (1 S. aureus, 1 GNB) and 1 
post-traumatic meningitis (1 GNB). For these patients, 
the usual clinical and biologic parameters, temperature, 
and leukocytosis were measured each day; serum C-re- 
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active protein (CRP) was measured once a day, 5 days 
per week. APACHE II score, which is based on 12 bio- 
clinical parameters in addition to age and chronic organ 
system failure, was recorded for each patient every day.”! 

During the course of infection, the diagnosis of septic 
shock was defined according to the following criteria: (1) 
systolic blood pressure less than 90 mmHg for more than 
1 hour, or a fall of 50 mmHg in a previously hypertensive 
patient, (2) a rise in temperature to more than 39 Cora 
fall to less than 35 C, (3) a lactatemia equal or superior 
to 2.5 mmoles/L or oliguria of less than 20 mL/hour for 
5 hours. 


Sampling 


Blood was drawn by venipuncture or using an indwell- 
ing arterial catheter into sterilized siliconed glass tubes 
(Becton Dickinson, Meylan-Cedex, France). The 40 pa- 
tients were sampled once a day at 8:00 A.M. during 11.3 
+ 9.7 days (range, 1 to 35); in addition, 20 of these patients 
were sampled 3.6 + 1.8 times a day (2 to 8), every | or 2 
hours as soon as they presented a septic shock state; septic 
shock was confirmed in 16 of these patients. Three other 
patients presented a septic shock during which only one 
sample was drawn. Clotting was obtained at room tem- 
perature. Blood samples then were centrifuged at 3000 
rpm for 10 minutes, and separated serum was stored at 
—20 C until use. 

Interleukin-6 was measured by a two-step immuno- 
radiometric assay (IRMA) from Medgenix (Belgium). 
Briefly, the two-step IRMA is based on coated tube sep- 
aration and on an oligoclonal system in which several 
monoclonal antibodies are directed against distinct epi- 
topes of IL-6. The capture antibodies are attached to the 
lower and inner surface of plastic tubes. Two hundred 
microliters standard control solution and an equal volume 
of serum samples are each placed into duplicate coated 
tubes together with 50 uL of a special diluent. The tubes 
then are incubated for 16 to 20 hours at room temperature. 
The compi:ete content is then aspirated and the tubes 
washed with Tween 20 (Merck, Miinchen, Germany) in 
distilled water (5%). After this procedure, 200 uL tracer, 
which is another monoclonal antibody labeled with F175, 
is added to the tubes for 2 hours. The tubes then are 
washed again and are counted in a gamma counter for 
60 seconds. The IL-6 concentration of samples was de- 
termined by interpolation using a standard curve prepared 
at the same time. Interleukin-18 and TNFa were mea- 
sured by a one-step IRMA using available kits from Med- 
genix (Belgium). The procedure of the one-step IRMA is 
the same as for the two-step IRMA, except that the stan- 
dards or samples are incubated together with 50 uL tracer. 
The sensitivity of these IRMA assays are 5 pg/mL for 
TNFa and IL-6 and 4 pg/mL for IL-18. In normal sub- 
jects, no IL-18, no TNFa, and no IL-6 could be detected 
by IRMA. 


CYTOKINES AND SEPSIS 357 


C-reactive protein serum level was measured by neph- 
elometry. 


Statistics 


Comparisons of biologic parameters or clinical scores 
between groups of patients were made using Student’s 
test. Tc normalize the distribution of IL-6 and TNFa 
serum results, and to permit the use of the t test, we used 
the log of the serum level, which 1s comparable to the 
median. The relationships between biologic or clinical 
parameters were tested by linear regression using standard 
formulas and chi square was used to establish a correlation 
between IL-6 serum level and mortality rate. The level of 
significance was fixed at 5%. 


Results 


Among the studied patients, there were 29 men and 11 
women, with a mean age of 60.5 + 12.6 years (range, 29 
to 82). The severity of their illness was assessed by 
APACHE II score, which, as a mean, was 21.4 + 6.7 at 
day 1. The mean time of their stay in the intensive care 
unit (ICU) was 24 + 6.7 days. Nineteen patients developed 
septic shock as defined above, and 16 patients died, 9 of 
them from septic shock. Shock was due to GNB in 16 
cases, to S. aureus in 3. As shown in Table 1, APACHE 
II score at day 3 was statistically different between sur- 
vivors and nonsurvivors, but it could not distinguish be- 
tween patients with or without septic shock. 

Interleukin-18 was never found in the serum of any 
patient, even if they were sampled hourly during a septic 
shock episode. Tumor necrosis factor-a serum levels were 
just above the detectable level in most patients. In patients 
without septic shock (n = 21), only 52% of the samples 
contained TNFa. In five of these patients, TNFa was 
never found, whereas six patients only showed serum lev- 
els above 100 pg/mL; the maximum observed, in a patient 
with peritonitis, was 255 pg/mL (Fig. 1C). In the four 
patients without septic shock who were sampled 4 times 
in a day, TNFa serum levels remained low and constant. 
Conversely, patients with septic shock (n = 19) showed a 
brief TNFa peak during the acute episode, with a rapid 
return to lower values as shown in Figure 1A and B. The 
mean peak value of TNFa during septic shock was 735.9 
+ 873 pg/mL (range, 10 to 3348), whereas it was 67.1 
+ 63.7 pg/mL in patients without septic shock (p < 0.001). 
Three of the nineteen patients with septic shock did not 
have high levels of TNFa in their serum (7.e., <100 pg/ 
mL); they were all sampled the day after the onset of 
shock. Figure 2 shows the negative correlation between 
the peaks of TNFa serum level and leukocyte count mea- 
sured at the same time in each patient (r = —0.54, p 
< 0.01). The time during which TNFa could be found in 
the serum did not differ between survivors and nonsur- 
vIVOrs. 
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TABLE 1. Cytokine Peak Serum Levels in Patients According to the Presence of Shock or the Occurrence of Death 


Survivors 

No. of patients 24 
Age 58.3 + 13.2 
APACHE II 

Day ł 20.2: 6.l 

Day 3 13.6 4.6* 
IL-18 peak serum level 0 
TNF peak serum level (pg/mL) 

Median 93 

Range 25-2286 
IL-6 peak serum level (pg/mL) 

Median 1434 

Range 200-217774 

* p < 0.05. 


In contrast to IL-18 and TNFa, IL-6 serum levels were 
almost always above normal value during bacterial infec- 
tion (Fig. 3). Only one patient was observed to have a 
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Fic. 1. Time course of TNFa serum levels during infection in patients 
with (A, nonsurvivors; B, survivors) and without septic shock (C, sur- 
vivors; D, nonsurvivors). 


Nonsurvivors Without Shock With Shock 
16 21 19 
63.7 + 11.6 60.8 + 12.7 59.8 + 13.5 
23.2 7.3 19.9 + 6.6 22.8 + 6.7 
23.7+ 6.5* 164+ 6.3 18.52 8.4 
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normal value at the end of his stay in the ICU. Most 
values were between 10 and 1000 pg/mL, with some ex- 
treme ləvels reaching 500,000 pg/mL. The serum level of 
IL-6 seemed to be correlated with the severity of the illness. 
As shown in Table 1, there was a large difference between 
IL-6 peak levels observed in survivors and in nonsurvivors, 
as well as between patients with and without septic shock. 
Becaus2 of the high standard deviation, however, only the 
difference between septic shock and nonseptic shock was 
statistically significant. Furthermore, a good correlation 
could be observed between the log of IL-6 serum level 
and the APACHE II score obtained the day of the IL-6 
peak as well as on day 3 or day 7 (Fig. 4). Several param- 
eters also were found to be correlated with IL-6 serum 
levels: temperature, as shown by Figure 5, and CRP by 
Figure 6. This last figure was made taking the highest 
levels of IL-6 and the CRP serum level obtained on the 
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FIG. 2. Relationship between peak serum level of TNFa and white blood 
cell count measured at the same time (r = —0.57, p < 0.001). 
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Fic. 3. Time course of IL-6 serum levels in patients (top) with and (bot- 
tom) without septic shock. 


same day or the day after and the same parameters mea- 
sured | week later (maximum 2 points per patient). Be- 
cause the highest IL-6 values were observed during septic 
shock, a gocd correlation could be observed between IL- 
6 and TNFe (p < 0.001), and also a negative correlation 
between IL-6 and leukocytosis (p < 0.001). No correlation 
could be found, however, between IL-6 and lactate level 
or platelet count. 


Discussion 


Interleukin-18 could not be observed in our patients 
even at the time of septic shock. Several authors, however, 
have reported high serum or plasma levels of IL-16 during 
sepsis in animals or humans, using bioassay, radioim- 
munoassay, or enzyme-linked immunoassay.'*"'>!? The 
specificity of these assays may be questioned because some 
bioassays also may have been sensitive to IL-6,” and some 
immunoasseys detected significant levels of IL-18 in 
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healthy volunteers. Hesse et al.? described an increase in 
serum level of IL18 after the peak of TNFa, using a bioas- 
say in normal volunteers challenged with endotoxin IV, 
whereas Michie et al.'° did not observe any change in IL- 
18 measured by immunoassay. The high recovery of IL- 
18 added to either normal plasma or serum from septic 
patients suggests that the presence of serum inhibitors of 
IL-18 could not have impaired the detection of IL-18 in 
our patients. The involvement of circulating IL-18 during 
severe infection thus remained a matter of debate. Some 
recent studies, however, showing the protection by a re- 
ceptor antagonist for IL-1 in septic shock model in animals 
support the role of IL-1.7*74 

Tumcer necrosis factor alpha is thought to be an early 
mediator of septic shock and has already been found by 
many authors in the serum of patients in septic shock. 
No longitudinal studies have yet been reported, however, 
except after burn injury.” This study confirms the in- 
volvement of TNFa in septic shock; high peak levels were 
observed in almost every episode of septic shock, and only 
during this acute event. Three patients were sampled too 
late after the onset of septic shock, and their TNFa serum 
levels were low, confirming the negative correlation be- 
tween the peak serum level of TNFa and the time elapsed 
from the onset of shock already observed in a previous 
study.'? In patients without shock or in the other patients 
beyond the septic shock episode, TNFa serum levels usu- 
ally remained under 100 pg/mL. There was no correlation 
between the time during which TNFa could be found in 
the plasma and death. These data are consistent with those 
reported after endotoxin challenge in human volunteers, 
where a brief increase of TNFa serum level, negatively 
correlated with leukocyte count,!° also was seen. This may 
be due to IL-8, however, another cytokine released after 
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TNF and IL-1 in the cytokine cascade.” During infection, 
when the leukocyte count was very high, we never ob- 
served high levels of TNFa. 

The brief increase in TNFa serum level does not allow 
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Fic. 6. Relationship of IL-6 and CRP serum levels (CRP measured within 


24 hr of IL-6) on the day of peak IL-6 and | week later (r = 0.66, p 
< 0.001). 


us to ase this level as a prognostic threshold. As shown 
in Table 1, the prognosis depends on the APACHE II 
score rather than on a transient serum level, which can 
be missed. 

After IL-18 and TNFa, IL-6 is the third cytokine de- 
scribed to be involved in the acute phase response. Its 
multiple effects contribute to a coordinated response of 
the body to aggression: it acts to render T cells and he- 
matopoietic cells responsive to their respective growth and 
differentiation factors, it initiates acute phase protein syn- 
thesis in the liver, and stimulates antibody production.”® 
Its presence in the serum or plasma has already been re- 
ported in several circumstances, including burn injury,” 
after surgery,” during acute graft rejection,” in my- 
eloma,” or during sepsis.'”:7° High plasma levels of IL-6, 
exceeding 10,000 pg/mL, have only been observed in sep- 
tic patients using a bioassay.” After endotoxin injection 
in volunteers, a peak IL-6 plasma level of 25 ng/mL was 
observed after 2 to 4 hours, followed by a peak of CRP 
at 20 hours.?! During acute graft rejection or after surgery, 
IL-6 Jevels were much lower, in the range of 100 to 1000 
pe/mL,2%3 i 

Our results confirm those of Hack et al., who found 
levels up to 150,000 pg/mL in septic patients at the time 
of admission to the ICU. Rather than the direct correlation 
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with mortality rate described by Hack et al., however, we 
found a significant correlation between the high serum 
levels of IL-6 and the illness severity as assessed by the 
APACHE II score. We found a level of 1000 pg/mL, above 
which the mortality rate significantly increased from 21% 
to more than 50%; this percentage did not change in pa- 
tients demonstrating IL-6 levels higher than 100,000 pg/ 
mL. The same can be seen with the APACHE II score, 
which could not differentiate between survivors and non- 
survivors on admission to the ICU. Thus, the outcome 
of patients does not depend on one measure only; it is 
rather the failure to respond to treatment, as shown by 
the APACHE II score on day 3, which is the valid pre- 
dictor. The fact that IL-6 is really a marker of severity is 
emphasized by the correlation with APACHE II score 
which still exists at day 3 and day 7. One could say, how- 
ever, that the APACHE II score is validated by such a 
correlation. As can be seen in Figure 4, however, several 
particular APACHE II scores were still high in spite of 
the decrease of their respective IL-6 levels, indicating that 
IL-6 seemed to return to baseline more rapidly than the 
correction of the clinical status as already mentioned by 
Hack et al. 

Because IL-6 serum levels were very high during septic 
shock, it is not surprising to find a correlation between 
peak IL-6 and TNFa serum levels, as well as a negative 
correlation between peak IL-6 serum levels and leuko- 
cytosis. Tumor necrosis factor alpha peaks and the relative 
leukopenia were transitory events: therefore, this rela- 
tionship appears to be ephemeral and is no longer evident 
after septic shock. More interesting is the relation between 
IL-6 and temperature, and especially CRP. Interleukin-6 
is considered to be an endogenous pyrogen, and its serum 
level has been shown to be directly related to temperature 
after burn injury.” In this study, there was a considerable 
overlap of IL-6 serum levels between the different tem- 
perature intervals; the distribution, however, showed a 
statistically significant progressive increase of IL-6 as a 
function of recorded temperature. The relation to CRP, 
however, may be questioned because it was obtained using 
the peak serum level of IL-6 and the CRP serum level 
observed within 24 hours after this peak, as well as the 
same levels measured | week later in the same patients, 
when both decreased. It would have been preferable to 
document this relationship using different degrees of se- 
verity of infection and not the recovery phase after infec- 
tion. This can be compared, however, with the results 
obtained after surgery: a direct relationship between the 
log of IL-6 serum level at 24 hours after surgery, and the 
peak of CRP serum level at 48 hours could be observed.*” 
The plateau obtained for the response of CRP to very 
high levels of IL-6 with a relative dispersion of the results 
as shown in Figure 6 may be due to the fact that these 
points were obtained in severely ill patients with multiple 
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system failure; thus, liver function and hepatic respon- 
siveness to IL-6 may have been impaired. The involve- 
ment of IL-6 in the pathophysiology of sepsis and septic 
shock may be questioned in view of the relationship be- 
tween serum level of IL-6 and the severity of the disease; 
it appears from animal studies, however, that this cytokine 
functions as an alarm signal, leading to the recruitment 
of host defenses.'*® This study emphasizes the high mag- 
nitude of this signal. 

In conclusion, although IL-18 could not be found in 
the serum of infected patients, TNFa was observed mainly 
as a brief pulse at the time of septic shock. Interleuk.a-6 
was, in contrast, often found at a serum level correlated 
to the severity of the illness, as assessed by APACHE H 
score, and to the acute phase response, as shown by its 
relationship with temperature and CRP. 
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Delayed Gastric Emptying After Roux-en-Y due 
to Four Types of Partial Obstruction 





Partial obstruction was the cause of delayed gastric emptying in 
12 patients after a Roux-en-Y gastrojejunostomy in a consecutive 
personal series of 42 patients between 1975 and 1989. Four types 
of obstruction were identified. Type I was due to a kinked loop 
of jejunum where it passed through the mesocolon. Type II had 
the anastomosis too high on the gastric pouch, type [II was due 
to an obstructing marginal ulcer, and type IY had a pouchlike 
deformity develop in the upper jejunum at the anastomosis that 
gradually compressed the outflow tract. No patient had stenosis 
of the anastomosis. The upper gastrointestinal (GI) series plus 
nuclear studies of the liquid and solid phase gastric emptying 
provided evidence of the presence and degree of delayed gastric 
emptying but not the site or cause of the obstruction. Upper GI 
endoscopy provided precise evidence of the site of the partial 
obstruction, its anatomic nature, and the presence of a bezoar 
or marginal ulcer. Of the 42 patients, 4 had surgical correction, 
and in 6 patients the obstruction was relieved by endoscopic 
manipulation; all patients have been relieved of their symptoms. 
Partial obstruction was the only cause of delayed gastric emptying 
in this series, and contrary to recent reports, no patient required 
a total or near total gastrectomy. 


shown to be the most effective method of treating 

enterogastric reflux gastritis.’ This type of gastritis 
has been found after all gastric procedures that destroy 
or bypass the pyloric sphincter, and it also occurs spon- 
taneously, especially in patients after cholecystectomy 
(Fig. 1).'? Sawyers et al. have compared the Roux-en-Y 
anastomosis with the Tanner-19 and the jejunal inter- 
position and have found the results of the Roux-en-Y 
procedure to be superior.* Drapanas and Morrison‘* ob- 
served that if the Roux-en-Y anastomosis is the best way 
to correct enterogastric reflux, then it should be used to 
avoid it.* With increasing frequency, vagotomy, antrec- 
tomy, and Roux-en-Y gastrojejunostomy has been the 
operation of choice when gastric resection was indi- 
cated.?-* 


7 | T1 HE ROUX-EN-Y GASTROJEJUNOSTOMY has been 
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The most frequently encountered problem after Roux- 
en-Y gastrojeyunostomy is delayed gastric emptying, 
which occurs in 25% to 30% of cases.”~'* Some authors 
have attributed the delay to failure of the fundus to con- 
tract in a forward coordinated peristaltic fashion.!?"!> The 
most that can be said for the motor function of the fundus 
is that it has tone but not peristalsis. Attempts to induce 
peristaltic activity in the gastric pouch using pharmaco- 
logic agents have failed, for example, metoclopramide, 
bethanechol, domperidone and cisapride. In more than 
1000 upper gastrointestinal (UGI) endoscopies, I have 
never observed peristalsis in the fundus, and this includes 
the intact stomach as well as post-Billroth H hemigas- 
trectomy with end-to-side anastomosis or the Roux-en- 
Y anastomosis. After a hemigastrectomy or subtotal gas- 
trectomy, with or without vagotomy, the fundus empties 
by gravity. 

A second approach to the problem of delayed gastric 
emptying has been to study the peristaltic activity of the 
jejunum. Simply dividing and anastomosing the jejunum 
will create disorganized peristalsis, and coordinated func- 
tion is temporarily interrupted. Motor function of the je- 
junal limb has been studied by Miedema and Kelly,'° and 
the possible need for a pacemaker has been studied but 
not found useful.'® Mathias et al.!? has shown similar 
findings in a small series. The problem of disorganized 
peristalsis must be temporary because it resolves com- 
pletely without specific therapy in most patients. In ad- 
dition, most authors find that 70% of their patients do 
well after the Roux-en-Y procedures, so that disorganized 
peristalsis is neither a constant nor a predictable finding. 
Pellegrini et al.?-'! have pointed out that there is no con- 
sistent pattern of gastric emptying in patients with reflux 
gastritis, and there is no consistent effect of the Roux-en- 
Y reconstruction.” !! Furthermore, in some patients, 
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BILLROTH BILLROTH GASTOENTEROSTOMY 
I II AND VAGOTOMY 
ROUX-EN-Y 
VAGOTOMY AND NO OPERATION 
PYLOROPLASTY 


FIG. 1. Enterogastric reflux gastritis can occur after all operations that 
either bypass or destroy the pyloric sphincter; It can also occur sponta- 
neously. 


symptoms suggestive of delayed gastric emptying were 
unrelated to the emptying of a solid-phase “hot-meal”’; 
in fact, in some patients there was rapid emptying in these 
radionuclide studies. 

A third possible cause of delayed gastric emptying is 
partial obstruction at or near the anastomosis, but not 
stomal stenosis per se. Forty-two patients in a consecutive 
personal series, from 1975 to 1989, had Roux-en-Y gas- 
trojeyjunostomy and 12 developed delayed gastric emp- 
tying. Four types of outflow obstruction have been iden- 
tified and are the subject of this report. 


Materials and Methods 


Between 1975 and 1989, in a consecutive personal se- 
ries, 42 patients had Roux-en-Y gastrojejunostomy of 40 
to 60 cm. Two patients died in the early postoperative 
period, one of heart failure 10 days after Whipple resection 
for carcinoma, and one of necrotizing pancreatitis after 
gastrectomy for duodenal ulcer. Forty patients remain for 
evaluation. 

The indications for Roux-en-Y anastomosis were be- 
nign peptic ulcer in 15, enterogastric reflux in 18, carci- 
noma of the stomach in 4, Whipple resection in 2, con- 
genital duodenal obstruction in 1, gunshot wound of duo- 
denal bulb in 1, and marginal ulcer in 1 (Table 1). 

All patients had nasogastric suction until peristalsis was 
noted, the abdomen was flat, and flatus had been passed. 
At this point, the nasogastric tube was removed and clear 
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noncarbonated liquids were started on an hourly basis 
and advanced to nourishing liquids and then progressively 
to anti-dumping diet. Patients with early satiety, nausea, 
and vomiting were studied with UGI series and UGI en- 
doscopy, and more recently two patients had radionuclide 
gastric emptying studies. This study was not available in 
the early stage of this series. 


Results 


Twelve of the forty patients developed delayed gastric 
emptying due to partial obstruction; one patient had type 
I early and 3 years later type IV. There were 18 men and 
24 women. The age range in men was 33 to 74 years, with 
a median age of 60. The age range for women was 25 to 
82 years, with a median age of 57. Thirty-two of the forty- 
two operations were performed between 1975 and 1982, 
and of these, 17 were performed between 1975 and 1977. 
Follow-up ranged from | to 12 years, averaging 5 years 
(Fig. 2). 

Four types of partial obstruction were identified (Fig. . 
3). Types I and II were found immediately as feeding was 
started, whereas types III and IV developed 1 to 6 years 
after operation. 

Type I was due to a kinked loop of jejunum 10 to 15 
cm below the anastomosis, where the jejunum passed 
through the transverse mesocolon. The UGI series was 
misinterpreted as anastomotic obstruction, but by UGI 
endoscopy, the anastomosis was observed to be widely 
patent. The jejunum was normal for 10 to 15 cm, became 
narrowed for 2 to 3 cm, and was again normal in caliber. 
The gastroscope was then withdrawn until the tip of the 
scope engaged the narrowed segment, and it then was 
possible to manipulate the tip in four directions, and thus 
to stretch or release recently formed adhesions. This tech- 
nique has been the subject of a previous report.® It was 
necessary to repeat this endoscopic manipulation in two 
of six patients. All patients were relieved of their obstruc- 
tion and were able to tolerate an anti-dumping diet. None 
of these patients required surgical intervention in 5 to 12 
years’ follow-up. 


TABLE 1. Indications for Roux-En-Y Anastomosis 


Indication No. 
Peptic ulcer-vagotomy antrectomy 15 
Enterogastric reflux gastritis 18 
Carcinoma of stomach 4 


Whipple resection for carcinoma 2 
Duodenal obstruction, malrotation 1 
Trauma—GSW duodenal bulb 
Marginal ulcer l 

2 


GSW, gunshot wound. 
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FIG. 2. Timing of operations shows that type I obstruction clustered between 1981 and 1983, but none occurred in the previous 6 years. The patient 
with type III obstruction and the marginal ulcer required two procedures. In the patients with type IV obstruction, the jejunal pouch deformity 
gradually developed over 2 years in two patients, but it took 6, 7, and 10 years to develop in others. 


Type H 


The anastomosis is placed too high on the gastric fun- 
dus, thus creating a dependent sac that cannot empty by 
gravity. This problem was noted in one patient who had 
early satiety, nausea, and vomiting. The UGI series 
showed delayed gastric emptying, and the anastomosis 
was shown to be too high. Upper GI endoscopy demon- 
strated the anastomosis to be patent but too high for ef- 
fective drainage. This problem was corrected by perform- 
ing a new gastrojejunostomy, side to end, in a more de- 
pendent position, and the patient then was able to tolerate 
a normal diet. The patient remains well at 4 years. 


Type HI 


Marginal ulcer was observed in three patients but 
proved to be obstructive in only one patient who had a 
“giant marginal ulcer.” This patient had a truncal vagot- 
omy and Billroth II gastrojejunostomy in 1981, a con- 
version to Roux-en-Y-30 cm in 1983 for enterogastric 
reflux followed by cholecystectomy, then a laparotomy 
with lysis of adhesions before referral. She had constant 
nausea and progressed to vomiting after every meal with 
constant epigastric pain and a 15-Ib. weight loss. The UGI 


series showed delayed gastric emptying but failed to iden- 
tify a large bezoar and a large marginal ulcer. Upper GI 
endoscopy demonstrated the bezoar and, once removed, 
a marginal ulcer was found that was not only circumfer- 
ential but extended down the jejunum for 8 cm. Bile was 
present in the gastric pouch. The pathologist at the pre- 
vious hospital had identified two vagal trunks; serum gas- 
trins were normal, secretin test was normal, technetiun 
scan did not show an antral remnant, serum calcium was 
normal, and gastric analysis showed low basal and max- 
imal acid outputs. At operation, the site of the marginal 
ulcer was noted to be firm and fibrous. This segment was 
resected and a new gastrojejunostomy was performed. The 
Roux-en-Y 30 cm was converted to a Roux-en-Y-60 cm. 
The marginal ulcer and bezoar formation recurred in 9 
to 12 months, so a transthoracic vagotomy plus resection 
of the upper jejunum and a new gastrojejunostomy were 
performed. At 6 months and | year, repeat UGI endos- 
copy remained normal, the Congo Red Test at 6 months 
postoperatively was normal, and the patient remains well 
at 3 years, can tolerate a normal diet, and has regained 
her weight. 

Type IV obstruction is due to the gradual development 
of a jeyunal pouch and is due to three different mecha- 
nisms. 
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FIG. 3. Types I, II, and III are shown on the top row. Type IV A shows 
an initial overhanging pouch that gradually enlarges and displaces the 
outflow tract. In type IV B, the mesenteric wall can tent up into the 
anastomosis and produce a similar deformity to type I A. In type IV C, 
adhesions can cause severe angulation, yielding the same type deformity 
as in type IV A. 


In the first, type IV-A, there is an overhanging pouch 
that slowly increases in size and eventually becomes so 
large that it fills preferentially from the gastric fundus. As 
the pouch increases in size, it compromises the outflow 
tract and the patients complain of constant epigastric full- 
ness that is worse aftèr meals. The UGI series can dem- 
onstrate the presence of the pouch and can document its 
progression. The UGI endoscopy, however, allows a more 
precise definition of the anatomic relationship of the gas- 
tric fundus, the anastomosis, the pouch, and the outflow 
tract. It also allows removal of the bezoar that is usually 
present. 

Type IV-B occurs when there is a Polya type anasto- 
mosis with a long jejunal segment. If the mesenteric wall 
of the jejunal segment tents upward into the anastomosis, 
the stomach will drain on both sides of this median bar. 
This anatomic deformity sets the stage for a pouch to 
form that eventually increases in size and compromises 
the outflow tract in the same way as in Type IV-A. A 
similar process has been observed after a Billroth II end- 
to-side gastrojejunostomy, and when the tented up bar of 
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jejunum reaches the anastomosis then all of the bile and 


pancreatic secretions in the afferent limb must enter the 
gastric pouch before they can drain into the outflow tract. 

In Type IV-C, postoperative adhesions can form be- 
tween the anastomosis and the liver or abdominal wall 
so that the anastomosis becomes angulated and a pouch 
is formed that results in the same process as in IV-A and 
B above. l 

It nay take 1 to 10 years to develop, but each type IV 
process is associated with the slow onset of obstructive 
symptoms and similar radiographic and endoscopic find- 
ings. When the outflow tract becomes severely compro- 
mised, the patient will have constant fullness, vomiting 
after every meal, and weight loss. At this point correction 
with a new end-to-end anastomosis in a dependent po- 
sition is the treatment of choice. 


Discussion 


The Roux-en-Y gastrojejunostomy has achieved its 
purpose in both correcting and avoiding enterogastric re- 
flux zastritis. The gastric pouch empties by gravity, and 
if the anastomosis is patent, is placed in a dependent po- 
sition, and there is no jejunal angulation, obstructing 
adhesions, or overhanging pouches, there should be nor- 
mal drainage. Ferguson et al.!® have recently reported their 
experience with the Roux-en-Y anastomosis, and delay 
was due to a pouch deformity of the jejunal limb if it was 
placed in an isoperistaltic position, whereas it did not oc- 
cur if the tip of the jejunal limb was placed at the lesser 
curvature or anti-peristaltic position. Seventy per cent of 
the patients with the Roux-en-Y anastomosis do well, but 
delayed gastric emptying continues to be the most frequent 
protlem. Efforts to induce peristalsis in the gastric pouch 
have failed, as might be expected because peristalsis was 
never a function of the fundus either in the intact stomach 
or in the postoperative gastric pouch. Some investigators 
have described disorganized or absent peristalsis in the 
divided jejunum as the cause of delayed gastric empty- 
ing.**!3!517 Tf this is the prime problem, why is delayed 
emrtying observed in only one third of these patients? 
Furthermore, if the delay is due to a motor disorder of 
the jejunum, why should a total or near total gastrectomy 
witk: esophagojeyunostomy correct it using the same je- 
junal limb? Pellegrini and Ryan!’ have repeated the je- 
junal manometry studies and disproved this theory. 

It serves no useful purpose to label this type of delayed 
gastric emptying as “Roux-Y syndrome”! or Albatross 
syndrome when in fact the delay may be due to some 
type of obstruction that has not been properly identified. 
In the final analysis, the delay is not due to a motor dis- 
order of the fundus or the jejunal limb, and in this series 
the four types of obstruction represent errors in technique, 
for 2xample, kinked loops, anastomosis too high, incom- 
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plete vagotomy, or the gradual development of obstructive 
pouches. 

Currently a total or near total gastrectomy is being rec- 
ommended for delayed gastric emptying post Roux-en- 
Y.13-'619 Obstruction must play an important role in the 
delay because in one report 11 of 18 patients with severe 
vomiting had obstruction at or near the anastomosis due 
to stomal stenosis or marginal ulcer.'* In addition, the 
drawings and radiographs demonstrate overhanging 
pouches and also an extensive blind pouch. Other reports 
indicate that most patients have had multiple operative 
procedures before their total or near total gastrectomy.!>'° 
Such patients usually have extensive postoperative adhe- 
sions, which are associated with partial obstruction. In a 
related problem, Cohen and Ottinger”? described 46 pa- 
tients with delayed gastric emptying after vagotomy and 
Billroth II gastrectomy, and 8 of 11 patients reoperated 
on had obstruction due to kinked loops or adhesions. 

In rare instances, total gastrectomy may be the only 
reasonable surgical procedure, especially in patients who 
had severely damaged gastric pouches, usually due to 
multiple previous operations, penetrating wounds, end- 
stage atrophic gastritis, Zollinger-Ellison syndrome, or 
impaired blood supply. Conversely, one must consider 
what is lost in a total gastrectomy, for example, acid, pep- 
sin, intrinsic factor, and the digestive reservoir with the 
potential for the dumping syndrome and anemias. 

Preoperative evaluation must include a detailed history 
and review of previous operative reports, an UGI series, 
radionuclide studies for both liquid- and solid-phase gas- 
tric emptying, and UGI endoscopy to determine the site 
and anatomic nature of any obstruction causing functional 
delay in emptying. Endoscopy also will identify marginal 
ulcers and bezoars that are usually missed on the other 
studies. Because motor disorders of the gastric pouch and 
jejunum have been shown not to be the major problem, 
one must rule out partial obstruction, which could be 
corrected by a lesser procedure before resorting to a total 
gastrectomy. 


Conclusion 


Delayed gastric emptying after Roux-en-Y procedure 
may be due to partial obstruction at or near the anasto- 
mosis. 

The UGI Series and nuclear studies demonstrate the 
presence and degree of delayed gastric emptying after 
Roux-en-Y procedure, but not the site and cause of the 
obstruction. 

Upper GI endoscopy defines the site and anatomic na- 
ture of the obstruction, the presence of a bezoar or a mar- 
ginal ulcer, and the options for treatment. 

Four types of obstruction other than stomal stenosis 
have been identified. 
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In 4 of 42 patients, surgical correction of the obstruction 
was achieved, and in 6 patients the obstruction was re- 
lieved by endoscopic manipulation. Contrary to recent 
reports, no patient required a total or near-total gastrec- 
tomy. | 

Partial obstruction was the final common denominator 
in this series for delayed gastric emptying after Roux-en- 
Y gastrojeyunostomy. 
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The Utility of Cyclosporine Weaning 


in Renal Transplantation 
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Abrupt conversion of cyclosporine immunosuppression to con- 
ventional treatment with azathioprine and prednisone avoids long- 
term cyclosporine nephrotoxocity, albeit at the cost of a 20% to 
40% rejection rate. The authors investigated the benefits and 
risks of a cyclosporine weaning protocol in 24 cadaveric and 9 
live donor kidney recipients treated with a sequential quadruple 
immunosuppressive protocol. In cadaver kidney recipients, slow 
tapering of cyclosporine resulted in a 19% (p < 9.001) improve- 
ment in the glomerular filtration rate, as estimated by the inverse 
ratio of the plasma creatinine concentration. Cadaver kidney re- 
cipients were stratified according to graft function (GFR ratio 
> 0.76, < 0.76) at the time of cyclosporine discontinuation. In 
12 patients with well-functioning grafts, a 24% improvement was 
observed, whereas in 12 patients with poor graft function, the 
gain was limited to 13%. Patients with limited graft function 
tended to have more acute rejection episodes before cyclosporine 
weaning (0.92 + 0.64 versus 0.42 + 0.64, not significant). When 
the 24 cadaver kidney recipients were stratified according to 
onset of graft function after transplantation (days to plasma cre- 
atinine of 250 mol/L), need for dialysis, panel reactive anti- 
bodies (PRA), and duration of cyclosporine treatment, no sig- 
nificant differences in graft function were observed at the onset 
or end of cyclosporine weaning. Acute graft rejection before cy- 
closporine weaning was the only variable associated with a sig- 
nificantly lower estimated glomerular filtration rate ratio at the 
end of cyclosporine treatment (0.83 + 0.11 versus 0.67 + 0.16, 
p <0.01). Weaning of cyclosporine was associated with a minimal 
risk of acute graft rejection. A single patient with stable graft 
function at the onset of the weaning process experienced an acute 
but reversible rejection episode 2 months after cyclosporine was 
discontinued. In summary, gradual weaning of cyclosporine im- 
proves graft function, and eliminates the excessive risk of acute 
graft rejection without the need for additional corticosteroid 
treatment. 


HE UTILITY OF renal transplantation for the 
treatment of end-stage renal disease has been 
greatly improved with the introduction of cyclo- 
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sporine as an alternative immunosuppressive agent. Early 
and late graft survival rates have improved by about 
20%.’ As evidenced by a large body of literature, the 
toxic effect of the drug on kidney function and kidney 
morphology is its major drawback, which in the long term 
may reverse the gains made in the early post-transplant 
phase.*° 

Chronic cyclosporine nephropathy is characterized by 
a functional component that reverses on discontinuation 
of the drug and for which changes in renal hemodynamics 
seem to be responsible.® Irreversible morphologic changes 
occur in renal tubular and vascular structures. Those in- 
clude isometric tubular vacuolization, presence of me- 
gamitochondria, tubular microcalcifications, and most — 
importantly an arteriolopathy that displays similar fea- 
tures as the arteriolar media necrosis occurring in malig- 
nant hypertension.” Tubular atrophy and a patchy fi- 
bros:s of the tubulointerstitial space develop as a result of 
this vascular abnormality.’ 

The clinical management of chronic cyclosporine ne- 
phrcpathy is still disputed. As originally proposed by the 
Oxford group, a limited use of the drug during the first 3 
months after transplantation, and subsequent conversion 
to conventional immunosuppression with azathioprine 
and prednisone, significantly improves graft performance 
whils still allowing for a better engraftment rate.”'° This 
approach has been adopted and tested in uncontrolled 
trials by many other transplant centers.''!? Details of the 
various proposed conversion protocols, however, vary 
sign-ficantly. In some instances, cyclosporine was simply 
replaced by azathioprine”'®; in others, prednisone doses 
were augmented during the period of conversion,'”'? and 
finally, variable overlap periods of cyclosporine and aza- 
thiodrine treatment were chosen.!!:!° 
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The maneuver of abruptly converting immuno- 
suppression from cyclosporine to azathioprine bears the 
significant risk of triggering acute rejection episodes in 
20% to 40% of these patients.'!°!! Our own experience 
supports the concept that rapid dose reduction or discon- 
tinuation of cyclosporine for treatment of suspected cy- 
closporine nephrotoxicity in many instances is followed 
by an acute rejection episode. Therefore, we designed a 
cyclosporine weaning protocol with the aim of slowly re- 
ducing and withdrawing the drug, without concomitant 
changes in prednisone and azathioprine dose. We report 
here the results of an uncontrolled feasibility study as- 
sessing the risks and benefits of cyclosporine weaning ob- 
served in 33 patients with stable kidney graft function at 
the beginning of the tapering process. 


Patients and Methods 
Patient Population 


Between December 1985 and March 1989, a total of 
66 patients received kidney transplants at the Royal Vic- 
toria Hospital. Fifty-four kidney grafts were from cadav- 
eric donors, and 12 were from living related donors. Three 
of the sixty-six patients were diabetic. All patients had 
received at least one leukocyte-poor blood transfusion be- 
fore transplantation. Thirty-three patients underwent a 
cyclosporine weaning protocol and were eventually im- 
munosuppressed with azathioprine and prednisone alone 
(Table 1). The remaining 33 patients were not considered 
for this protocol because of the following reasons: peri- 
operative death (n = 2), early graft loss (13), documen- 
tation before cyclosporine weaning of chronic rejection 
or recurrent disease by graft biopsy (7), no cyclosporine 
treatment (4), continued cyclosporine treatment because 
of third grafts (3); and because of distant domicile from 
our center (4). Twenty-four and nine recipients of cadav- 
eric and live donor kidneys, respectively, were weaned 
from cyclosporine as described below. 


Immunosuppressive Protocol 


A sequential quadruple-agent immunosuppressive reg- 
imen was used. Methylprednisolone (500 mg intrave- 


TABLE 1. Demographic Data 


CAD LRD 

No. of transplants 24 9 
M/F 17/7 4/5 
Age 

Range 25-57 18-63 

Mean 45.5 34.1 
First grafts 21 9 
Subsequent grafts 3 0 
Diabetes mellitus I 2 


CAD, cadaveric donors; LRD, living related donors. 
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nously [I.V.]), and azathioprine (400 mg I.V.) were given 
perioperatively. A 5- to 7-day course of horse or rabbit 
anti-lymphocyte globulin was prophylactically adminis- 
tered, starting on the first postoperative day (Lymphog- 
lobulin or Thymoglobulin, one vial per 10 kg body weight; 
Rh6ne-Poulenc, Canada). Methylprednisolone was con- 
tinued at 100 mg/day for 5 days and then tapered such 
that a maintenance prednisone dose of 20 mg/day was 
reached at 4 weeks after transplantation. On day 90, the 
dose was further reduced to 15 mg/day. Azathioprine was 
continued at a dosage of 125 mg/day. Adjustments were 
made to maintain the white blood cell count above 
4000/mm?. 

Cyclosporine was withheld until the serum creatinine 
concentration reached 250 nmol/L. In patients with initial 
nonfunctioning kidney grafts, anti-lymphocyte globulin 
was given on alternate days from day 5, until cyclosporine 
could be started. Cyclosporine was generally initiated at 
a low dose of approximately 2 mg/kg/day and progres- 
sively increased to a maintenance dose of about 5 mg/ 
kg/day. The drug was administered twice daily. 


Cyclosporine Weaning Protocol 


Weaning of cyclosporine was started 15 days after the 
prednisone dose was reduced to 15 mg/day, in other 
words, at day 105 after transplant. The daily cyclosporine 
dose was reduced by a fixed decrement of 25 mg once 
every 2 weeks, and completely withdrawn after treatment 
with 50 mg/day had been tolerated for 2 weeks. The 
weaning process was of variable length because of the fixed 
dose reduction. 


Assessment of Graft Function 


Renal graft function was assessed by plasma creatinine 
concentrations assuming a stable muscle mass for a given 
patient during the course. The inverse ratio of the plasma 
creatinine concentration was used as an estimate of the 
glomerular filtration rate (eGFR).'* Estimated GFR ratios 
greater than 0.76 correspond to plasma creatinine con- 
centrations within the normal range. The ratio of 0.76 
was used to stratify patients with “high” and “low” eGFR. 
The results are reported as mean + standard deviation. 
Radionuclide scanning results showed a higher variability 
and thus were not considered for analysis. Average eGFR 
ratios and average daily cyclosporine doses were calculated 
for each elapsed month. In view of a steady weight gain 
in most patients, it was important to use an estimate of 
the ideal body weight (IBW), and thus of the lean body 
mass, which was obtained according to the formula of 
Broca!*: IBW in kg = (height in cm — 100). 


Acute Rejection 


Acute rejection was diagnosed in the presence of clinical 
signs of decreased urine output, rising plasma creatinine 
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concentration, fever, and new onset hypertension. In four 


doubtful cases, confirmation by percutaneous biopsy was 
obtained. 


Data Analysis | 


The time point of cyclosporine discontinuation was ar- 
bitrarily designated as day 0. The preceding 6 months and 
the elapsed time as of March 1, 1990 were included in 
the analysis. Averaged data are shown as the mean 
+ standard deviation. Paired t testing was used to compare 
individual changes with time. Unpaired t tests were ap- 
plied to compare subgroups of patients, and to test the 
significance of the correlation between two variables. P 
values of less than 0.05 were considered statistically sig- 
nificant. 


Results 


Use of Immunosuppression 


For the study group of 24 cadaver kidney recipients, 
initiation of cyclosporine treatment varied from 2 to 60 


days after transplant and was continued for an average of 


7.2 + 3.0 months. Figure 1 displays the progressive de- 
crease in dosage of cyclosporine during the weaning pro- 
tocol applied during the last 6 months of treatment. As 
indicated in the Patients and Methods section, cyclo- 
sporine doses in milligrams per kilogram per day were 
calculated on the basis of the estimated ideal body weight. 
For reasons of comparison, nine recipients of live donor 
kidneys also were analyzed. In this patient group, the use 
of cyclosporine treatment was comparable (Fig. 1). 

All patients also were treated simultaneously with aza- 
thioprine and prednisone starting at the time of trans- 
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FIG. 1. Live versus cadaver donor kidney grafis. Estimated GFR ratios 
in 24 recipients of cadaver donor kidneys (+) and nine recipients of live 
donor kidneys (Q) in temporal relationship to cyclosporine weaning 
(CAD/*LRD). Significant improvement of eGFR by 19% (p < 0.001) 
and 25% (p < 0.002) during the weaning period (—6 to 0 months), but 
no significant change of graft function subsequent to cyclosporine with- 
drawal. 
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plantation. During months 1 and 2 after transplantation, 
cadaver kidney recipients received average azathioprine 
doses of 1.76 + 0.22 and 1.32 + 0.49 mg/kg/day, respec- 
tively. The mean monthly prednisone dose during the 
first month after transplant was 33.7 + 14.1 mg/kg ideal 
body weight. Live donor kidney recipients tolerated sig- 
nificantly higher doses of azathioprine (1.99 + 0.25 and 
1.62 + 0.30 mg/kg/day, t = 2.3945, p < 0.05, unpaired t 
test) end received significantly less prednisone (26.7 + 5.5 
mg/kg/month, t = 2.0513, p < 0.05, unpaired t test) early 
after transplantation. 


Glon.erular Function 


Figure 1 demonstrates the progressive improvement in 
eGFR seen with decreasing daily doses of cyclosporine 
over a 6-month weaning period. In the 24 recipients of 
cadaveric kidneys, a 19% improvement (month 6 versus 
0, t = 5.7166, p < 0.001, paired t test) in the eGFR was 
observed with cyclosporine weaning. In comparison, nine 
recipients of live donor kidneys showed a trend for better 
graft performance and greater improvement (+25%, 
monzh —6 versus 0, t = 3.6952, p < 0.002, paired t test). 
There was no statistical difference in the mean estimated 
GFR between cadaver and live donor kidney grafts, how- 
ever, at any time point before or after cyclosporine dis- 
continuation. 

The effect of cyclosporine weaning in patients with high 
and low eGFR ratios was studied. Patients receiving ca- 
daveric kidneys were stratified according to graft function 
at tke time of complete cyclosporine withdrawal (time 
point 0). An eGFR ratio of 0.76 corresponds to the upper 
norm value of the plasma creatinine concentration. 
Twe.ve patients each with eGFR ratios of <0.76 and 
>0.76 composed a “low eGFR” and a “high eGFR” 
group, respectively. Figure 2 displays the development of 
graft function in response to cyclosporine weaning in the 
two 2roups during a 6-month period. Patients with a low 
eGFR ratio improved by only 13% (month —6 versus 0, 
t = 4.4554, p < 0.001, paired t test), and those with a 
high eGFR by 24% (t = 4.7029, p < 0.001, paired t test). 
Despite treatment with almost identical doses of cyclo- 
sporine per kilogram ideal body weight, the estimated 
GFR. (Fig. 2) was already significantly different at the be- 
ginning of the weaning process (high versus low eGFR, t 
= 2.9379, p < 0.01, unpaired t test). Over a 12-month 
follcw-up period after cyclosporine discontinuation, no 
further functional improvement of significance was ob- 
served in any of the above-mentioned patient groups. 

Patients with low eGFR experienced an improvement 
of g-aft function until cyclosporine was completely with- 
drawn. In contrast, the patients with better graft function 
tolezated an average daily cyclosporine dose of 2.12 + 0.95 
mg/kg ideal body weight without detrimental effect on 
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Fic. 2. High and low estimated GFR ratio. Identical weaning of cyclo- 
sporine in two groups of 12 cadaver kidney recipients. The two groups 
are characterized by a high and low estimated GFR ratio at the time of 
cyclosporine discontinuation. Patients with a high estimated GFR ratio 
have a significantly better graft function at any time point before and 
after cyclosporine discontinuation. In patients with a high estimated GFR 
ratio, the extent of improvement is greater as compared with that of the 
patients with the poorer graft function (+24% vs. +13%). 


the estimated GFR (Fig. 2). As summarized in Table 2, 
patients in the two subgroups received the same immu- 
nosuppression during the first month after transplantation 
and did not differ with respect to other variables. 


Long-term Outcome 


Six patients with a low estimated GFR, and eight pa- 
tients with high estimated GFR, were followed after cy- 
closporine discontinuation for more extended periods of 
33.7 + 5.5 and 34.3 + 7.0 months, respectively. No sig- 
nificant change in renal function with time was noted in 
either subgroup of patients (Fig. 3). 


TABLE 2. Other Variables in Patients With Low and High 
Glomerular Filtration Rates 


Low High 
n= 12 n = 20 p 
Mean total AZA* 

(mg/kg/day) 1.72 + 0.17 180+ 0.26 NS 
Mean total PRED* 

(mg/kg/day) 1.28 + 0.60 0.95 + 0.17 NS 
Mean ALG doses 44 + 2.5 2.8 + 29 NS 
No. of rejections before 

CsA tapering 0.92 + 0.64 0.42+ 0.64 NS 
No. of rejections after 
D/C of CsA 1/12 0/12 
Peak PRA (%) 17.4 Æ 22.1 175 £238 NS 
Last PRA (%) 10.5 + 18.8 +3 9.5 NS 
Days to last dialysis 4.7 + 68 20 oe 6.4 NS 
Patients requiring dialysis 4/12 2/12 NS 


* First month. 

AZA, azathioprine; PRED, prednisone; ALG, anti-lymphocyte glob- 
ulin; CsA, cyclosporine; D/C, discontinuation; PRA, panel reactive an- 
tibodies. 
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Fic. 3. Long-term follow-up. Extended follow-up of more than 24 months 
(mean of 34 + 7 months after cyclosporine discontinuation in 6 and 8 
patients with low and high estimated GFR ratio, respectively). 


Tubular function 


It was assumed that patients would have a steady 
monthly intrinsic production of uric acid, and that hy- 
peruricemia would reflect a compromised net tubular ex- 
cretion in patients with well-functioning grafts. In 24 ca- 
daver kidney recipients, plasma uric acid concentration 
fell by 11% (t = 3.5014, p < 0.01) during the period of 
cyclosporine weaning, When patients were stratified ac- 
cording to their renal function (GFR ratio < 0.76 or 
>0.76), only those 12 patients with well-functioning grafts 
experienced a significant reduction in plasma uric acid 
(— 16%, t = 4.3478. p < 0.002) in response to cyclosporine 
withdrawal (Fig. 4). In 12 patients with poor graft function, 
no significant change in plasma uric acid concentration 
over time was noted. Uric acid concentrations and eGFR 
ratios, however, were inversely correlated in patients with 
poorer graft function; no such correlation was noted in 
patients with well-functioning kidneys (Fig. 5). 


Risk Factors 


An attempt was made to identify risk factors that might 
predict either a poor response to cyclosporine weaning or 
a limited graft function. Hence, recipients of cadaveric 
grafts were stratified according to variables that are known 
to influence graft function and outcome. The tempo of 
onset of graft function after transplantation, in other 
words, the length of time to reach a plasma creatinine 
concentration of 250 umol/L, need for post-transplant 
dialysis, number of early rejection episodes, presence of 
PRA at the time of transplantation, and total duration of 
cyclosporine treatment were included in this analysis. Di- 
abetes mellitus and second grafts were excluded as vari- 
ables for stratification because of the small number of 
patients (n < 4). 
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FIG. 4. Changes in plasma uric acid concentration in patients with (A) high and (B) low eGFR ratio. Significant fall in uric acid concentration in 
patients with (C) high eGFR (p < 0.01), but not in patients with (D) low eGFR. 


The tempo of onset of graft function had no effect on 
function during or after cyclosporine therapy. Eleven pa- 
tients with slow onset of function achieved acceptable graft 
function in a range from 10 to 59 (24.8 + 17.6) days, and 
the remaining 13 patients with a rapid recovery of between 
2 and 9 (4.4 + 2.5) days performed equally well during 
and after cyclosporine therapy (Fig. 6A). Interestingly, 
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patients with slow recovery of graft function had a sig- 
nificantly higher titer of panel antibodies (15.8 + 19.4% 
versus 1.2 + 2.3%, t = 2.4815, p < 0.05). 

Similarly, 18 patients without need for post-transplant 
dialysis significantly improved eGFR significantly in re- 
sponse to cyclosporine weaning, as did six patients who 
were dialyzed for an average of 13.3 + 6.2 days after op- 
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Fic. 5. Correlation of plasma uric acid concentration with eGFR ratio. Correlation of uric acid levels with eGFR ratios is significant in patients with 
(B) impaired renal function, but not in patients with (A) near-normal graft function. 
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Fic. 6. Weaning of cyclosporine and development of graft function in patients stratified for (A) tempo of onset of graft function (days to plasma 
creatinine of 250 pmol/L; slow = 10-59 days; rapid = 2-9 days), (B) need for post-transplant dialysis, (C) presence of panel reactive antibodies at 
the time of transplantation, and (D) duration of cyclosporine treatment. None of these variables affects graft performance. 


eration (month —6 versus 0, +22%, t = 4.3366, p < 0.001, 
and +19%, t = 7.6500, p < 0.001) (Fig. 6B). 

The 24 recipients of cadaveric kidney transplants were 
stratified also according to the presence of PRA at the 
time of transplantation. Twelve patients with PRA (15.8 
+ 18.2%) improved graft function with cyclosporine 
weaning, similarly to 12 patients without PRA (Fig. 6C). 
As noted above, however, in patients with a positive PRA 
titer (2% to 64% panel reactivity at the time of transplan- 
tation), onset of graft function was delayed as compared 
with patients without PRA. 

Patients were stratified also according to the duration 
of cyclosporine treatment. Ten patients received cyclo- 
sporine for 10 or more months (10.9 + 0.9), whereas in 
the remaining 14 patients the weaning process was ter- 
minated within less than 10 months (6.3 + 2.7, t = 5.9301, 
p < 0.001). Recovery of the eGFR was the same in both 
groups, indicating that the duration of cyclosporine treat- 
ment did not affect the final outcome (Fig. 6D). 


The only risk factor predicting poorer graft function 
was acute graft rejection before cyclosporine weaning (Fig. 
7). During cyclosporine treatment, 11 patients never had 
an early acute rejection episode, and the remaining 13 
patients experienced an average of 1.2 + 0.4 rejections 
per patient (Table 3). Cyclosporine weaning resulted in a 
significant improvement of the estimated GFR irrespec- 
tive of previous rejection episodes (month —6 versus 0, 
+24%, t = 3.3483, p < 0.01 and +17%, t = 3.2675, p 
< 0.01, paired t test). The occurrence of acute graft re- 
jection, however, was associated with poorer graft func- 
tion, both before and after cyclosporine withdrawal. At 
discontinuation, the mean estimated GFR ratios were 0.83 
+ 0.11 and 0.67 + 0.16, respectively (t = 2.8881, p < 0.02). 
The same significant difference in estimated GFR per- 
sisted throughout the first year of follow-up. Patients with 
acute rejection episodes before cyclosporine weaning were 
characterized by significantly higher PRA titers and pro- 
longed need for dialysis (Table 3), 
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Fic. 7. Effect on renal function of acute rejection episodes before the 
weaning of cyclosporine in 13 cadaver kidney recipients. At all time 
points except month —6, the difference of the estimated GFR ratio be- 
tween patients with and without rejection is statistically significant. 


Acute Graft Rejection During and After Cyclosporine 
Weaning 


Among the 33 recipients of cadaveric and live donor 
kidneys, a single patient experienced an acute but revers- 
ible rejection episode 60 days after cyclosporine discon- 
tinuation. Cyclosporine was restarted at 3.2 mg/kg per 
day, a course of increased oral prednisone (total of 1775 
mg) was given, and five doses of rabbit anti-lymphocyte 
globulin administered. The plasma creatinine was 177 
pmol/L, before the rejection episode, at the time of cy- 
closporine discontinuation, and 239 umol/L 6 months 
after treatment of this rejection episode. 


Discussion 


The use of cyclosporine improves the rate of functioning 
kidney grafts by 15% to 20%.'? Registry data indicate, 
however, that the loss of kidney grafts during the ensuing 
years has not been affected by the introduction of the 
drug.'!® Hence one may hypothesize that cyclosporine has 
a superior potential to aid engraftment but not to prevent 
graft loss from chronic rejection, recurrence of the original 
disease, or late patient death. Limited use of cyclosporine 
during the first few months after transplantation may re- 
duce its persistent side effects, and also would reduce sig- 
nificantly the costs for immunosuppression. 

Previous conversion trials from cyclosporine-based 
immunosuppression to conventional treatment with aza- 
thioprine and prednisone were disappointing because of 
an unacceptably high rate of acute rejection episodes re- 
lated to the abrupt cessation of cyclosporine treatment 
(Table 4). Local experience in a few patients suggested 
that slow but progressive weaning of cyclosporine was 
better tolerated and thus might offer an opportunity to 
achieve a conversion to conventional treatment without 
excessive risk. Therefore, the feasibility of systematic cy- 
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closporine weaning was studied in 33 kidney recipients 
who had no signs of chronic rejection or recurrence of 
the original disease. Four patients with well-functioning 
grafts. were excluded because their distant domicile did 
not allow a close follow-up. Similarly, three recipients of 
third grafts were excluded also because the chance for 
retransplantation appeared slim. The immunosuppressive 
protocol applied in this study differed in two aspects from 
commonly used regimens. Firstly, cyclosporine was grad- 
ually introduced based on the observation made in heart 
recipients where this approach successfully prevents cy- 
closporine-induced acute renal failure. Secondly, cyclo- 
sporine was weaned rather than abruptly stopped. 

We demonstrate here that slow cyclosporine weaning 
results in similar functional improvements in cadaveric 
and live donor grafts (Fig. 1). It was also evident that even 
minimal cyclosporine doses may impair renal graft func- 
tion, and that a small but significant improvement can 
be achieved by discontinuing the drug. Other investigators 
have reported similar improvements,!'!~!? and it appears 
that a 20% reduction of the eGFR is of functional origin 
and is not due to a permanent loss of kidney tissue. Stable 
estimated GFR ratios in 14 patients followed for more 
than 30 months suggest that cyclosporine weaning may 
be without detrimental effect on long-term renal function 
(Fig. 3). Long-term results from conversion trials have 
not been reported and are therefore not available for 
comparison. 

Two groups of patients could be distinguished with re- 
spect to functional improvement. Patients who normal- 
ized their estimated GFR ratio (>0.76) with discontin- 
uation of cyclosporine experienced an average improve- 
ment of 24%, which was similar to that achieved in live 
donor kidney recipients. In contrast, patients with a lim- 


TABLE 3. Variables Associated With Acute Graft Rejection 


With 


Without 
Rejection Rejection 
n= 11 n= 13 p 
Rejection episodes* 0 12 + 04 
AZAT (mg/kg/day) 1.84 + 0.23 170+ 0.18 NS 
PRED} (mg/kg/day) 1.06 + 0.56 1.18 + 0.38 NS 
ALG (mean no. doses) 2.8 + 2.7 43.2 2:1 NS 
Peak PRA (%) TI. £67 6.2 + 27.7 t = 2.4044 
p < 0.05 
Last PRA (%) 16 +3.5 13.2 + 18.7 t= 2.1917 
p < 0.05 
Days to last dialysis 0.2 +0.6 60 + 8.0 t = 2.6053 
p < 0.02 
Patients requiring 
dialysis i/li 5/13 NS 


* Before cyclosporine weaning. 


ł First month. 


AZA, azathioprine; PRED, prednisone; ALG, anti-lymphocyte glob- 
ulin; PRA, panel reactive antibodies. 
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TABLE 4. Summary of Major Conversion Trials 
Time of Graft Estimated* =stimated 
No. of Conversion Increase of Rejection Loss GFR GFR Controlled 
Center Patients (day) Steroids Rate (%) (%) Before After Randomized Reference 
Oxford 14 90 No (12) 29 29 NI NI Yes Morris PJ. 
(trial I) Yes (2) Transplantation 1983;36:273.° 
Oxford 62 90 No NI NI 0.48 0.67 Yes Chapman JR. 
(trial II) Lancet 1985;1:128.'° 
Boston 39 200 No 33 3 0.34 0.47 No Rocher LL. 
Transplantation 1984;38:659.!! 
Chicago 27 180 Yes {5 0 0.40 0.47 No Thistlethwaite JR. 
Hum Immunol 1985;14:314.!4 
Minneapolis 49 170 No 35 25 0.26 0.48 No Canafax DM 
Transplant Proc 1985;17:2577. 
Leicester 42 90 No 29 14 0.58 0.83 Yes Veitch PS. 
Transplant Proc 1987;19:2017. 
Leiden 66 90 Yes 16 6 0.50 0.70 Yes Kootte AMM. 
Transplantation 1988;46:677.'° 
Montreal 33 215 No 3 0 0.77 0.90 No Current study 


* Estimated GFR = inverse S-Cr ratio. 


ited graft function after cyclosporine discontinuation 
(<0.76) had improved the estimated GFR ratio by a mere 
13%. The differential response to cyclosporine weaning 
raises the question whether all patients or selected subsets 
thereof should be included in weaning protocols. If func- 
tional improvement is the primary reason for cyclosporine 
withdrawal, only patients with mild impairment of graft 
function should be subjected to this protocol; if cost con- 
siderations are of primary concern, all patients should be 
included regardless of their initial level of graft function. 

We attempted to identify variables that might predict 
a poor response to cyclosporine weaning. Variables con- 
sidered for analysis included the duration of cyclosporine 
treatment, need for post-transplant dialysis, tempo of re- 
covery, presence of PRA (Fig. 6), and donor/recipient 
matching for human leukocyte antigens (data not shown). 
The only variable affecting graft function and thus re- 
sponse to cyclosporine weaning was the occurrence of 
acute graft rejection episodes before cyclosporine weaning. 
The impact of acute graft rejection on graft performance 
is quite apparent and more profound than the temporary 
reduction imposed by cyclosporine treatment (Fig. 7). The 
occurrence of acute rejection episodes may serve as an 
indicator to identify the patients who are likely to improve 
graft function in a significant manner. 

Hyperuricemia is encountered significantly more often 
in patients treated with cyclosporine than in those on aza- 
thioprine. Lin et al.” recently suggested that retention of 
uric acid is due to a direct tubulotoxic effect. Weaning of 
cyclosporine, indeed, was paralleled by a progressive re- 
duction of plasma uric acid concentrations in those pa- 
tients who normalized their estimated GFR. At the same 
time there existed, however, no significant correlation be- 
tween uric acid concentration and eGFR ratio. In contrast, 


GFR, glomerular filtration rate; NI, not indicated. 


no significant change of uric acid levels were observed in 
patients with subnormal estimated GFR ratios (Fig. 4). 
The finding of an inverse correlation of plasma uric acid 
concentration and eGFR ratio in patients with abnormal 
graft function at the end of the cyclosporine taper indicates 
that in a subset of patients, the drug causes hyperuricemia 
through its limiting effect on glomerular filtration. The 
lack of such a correlation in patients with mild impairment 
of renal function, and the progressive reduction of plasma 
uric acid concentration with cyclosporine tapering support 
the concept that hyperuricemia results from a tubulotoxic 
effect on the tubular handling of uric acid excretion. Our 
data contrast with those reported by Lin et al.!’ in that 
the tubulotoxic effect could only be discerned in patients 
with near normal eGFR ratios. 

Weaning of cyclosporine in contrast to abrupt conver- 
sion bears a minimal risk of triggering acute graft rejection 
episodes when applied to patients with stable graft func- 
tion. Our observation of a single acute graft rejection ep- 
isode among 33 patients contrasts with reports from 
others!™!>!81? who noted the occurrence of such events 
in 20% to 40% of patients subjected to cyclosporine-aza- 
thioprine conversion. More recent evidence indicates that 
increased corticosteroid doses given during the pericon- 
version period also achieve the goal of minimized risk.'° 

In summary, weaning of cyclosporine is a safe proce- 
dure reducing the costs of immunosuppression in all pa- 
tients, and improving graft performance in a significant 
manner in those patients who had not undergone a pre- 
vious acute rejection episode. 
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Crystalloid is as Effective as Blood in the 
Resuscitation of Hemorrhagic Shock 





GURDEV SINGH, F.R.C.S.,* KHALIL I. CHAUDRY,* and IRSHAD H. CHAUDRY, Pu.D.*t 


Recently there has been increasing concern over transfusion- 
related diseases, especially acquired immune deficiency syndrome 
(AIDS). The authors therefore investigated the efficacy of lac- 
tated Ringer’s solution (LRS) alone as compared with blood plus 
LRS resuscitation on body weight change and mortality rate 
after severe trauma-hemorrhagic shock. Rats, 250 to 310 g (n 
= 85), had a midline laparotomy performed (i.e., trauma induced), 
the incision was closed, and a carotid artery, jugular vein, and 
femoral artery were cannulated. The unrestrained, nonheparin- 
ized rats were allowed to recover from anesthesia and were bled 
within 10 minutes to a mean arterial pressure (MAP) of 40 
mmHg. This MAP was maintained by removing more blood until 
the animal] was unable to compensate (maxima! bleedout; MB). 
The MAP was further maintained at 40 mmHg by returning 
fluid (LRS) until 50% of the MB volume (MBV) was returned. 
The rats were then resuscitated: group 1 with LRS 4 times the 
MBV; group 2 with 5 X LRS; group 3 with the shed blood re- 
turned + 2 X LRS. There was no difference between the groups 
in the initial weights, MAP, or hematocrit (Hct), percentage of 
blood volume removed, time to MB, or time to end of hemorrhage. 
The final Hct and MAP were higher in group 3 (p < 10~°) than 
in either of the other groups. Body weight gain was greater in 
group 2 compared with either of the other groups (p < 0.05) on 
day 1 after hemorrhage because of edema, but no differences 
were seen on subsequent days. There were no differences in the 
survival of animals in the different groups. These results suggest 
that there should perhaps be a higher threshold for blood trans- 
fusion in the management of severe trauma-hemorrhagic shock 
than is currently practiced. 


is the leading cause of death between the ages of 
| and 44 in the United States.' One half of deaths 
occur from exsanguination or central nervous system 
trauma within 1 hour of injury, and within a further | to 
2 hours another 30% of deaths occur.” These are due to 
major internal injury.” The cornerstone of management 


f [ RAUMA CONTINUES TO be a major problem and 
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of hemorrhagic shock is identification of the source of 
bleeding and its control, and rapid fluid transfusion to 
maintain the circulating volume. 

Plasma and blood were the replacement fluids of choice 
until the early 1960s, when the classic work of Shires et ° 
al.? demonstrated the superiority of a crystalloid solution 
combined with whole blood over whole blood alone or 
with the addition of plasma to the shed blood. During the 
Vietnam war, it was thought that infusions of colloid were 
necessary to prevent the adult respiratory distress syn- 
drome,* but it subsequently has been shown that post- 
traumatic pulmonary insufficiency is more correlated with 
sepsis than with the type of fluid used in resuscitation.’ 
Current practice in the United States involves transfusing 
crystalloid in the first instance’ and using the “transfusion 
trigger” of a hematocrit (Hct) of 30%° to decide when to 
give blood in addition. 

This figure of an Hct of 30% is arbitrary, however, and 
Hets as low as 10% to 15% have been well tolerated.’ Also, 
there are several problems associated with blood trans- 
fusion, including hyperkalemia,’ acid-base imbalances,’ 
etc. The most emotionally charged concern is the trans- 
mission of the acquired immune deficiency syndrome 
(AIDS) virus.'° In view of this, we investigated the efficacy 
of crystalloid alone as compared with a combination of 
whole blood and crystalloid resuscitation on body weight 
change and death after severe hemorrhagic shock. 


Materials and Methods 


Hemorrhage Procedure 


Male Sprague-Dawley rats (Charles River, Wilmington, 
MA), 250 to 310 g (n = 85), were fasted overnight but 
allowed water ad libitum. They were lightly anesthetized 
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with ether, and the ether cone was removed while a 5-cm 
midline laparotomy was performed using an electric cau- 
tery (i.e., trauma was induced). The organs then were in- 
spected visually to ensure the lack of damage by the cau- 
tery. After this, the abdominal incision was closed in layers 
and a carotid artery (for blood pressure monitoring), jug- 
ular vein (for fluid replacement), and femoral artery (for 
bleeding) were cannulated using PE 50 tubing (Clay 
Adams, Parsippany, NJ). The portion of the PE tubing 
inserted into the vessel was narrowed by extrusion to de- 
crease the internal diameter by approximately 50% to 
prevent clot formation in the tubing. The jugular and 
carotid catheters were tunneled subcutaneously to the 
dorsal cervical region. The unrestrained, nonheparinized 
rats then were allowed to recover from anesthesia, and 
blood pressure was monitored with a saline manometer 
through the carotid catheter. 

Having recorded the initial mean arterial pressure 
(MAP) and the Het, the animals were bled (by withdraw- 
ing the blood into a heparinized syringe to prevent clot- 
ting) over the course of 10 minutes to an MAP of 40 
mmHg. This pressure was maintained by removing more 
blood in increments of 0.2 mL until the animal was no 
longer able to maintain its blood pressure (maximal blee- 
dout; MB). The time taken to reach MB was recorded. 
At this point, the blood pressure was further maintained 
at 40 mmHg by returning fluid in the form of lactated 
Ringer’s solution (LRS) in 0.2-mL increments until 50% 
of the shed blood volume was returned in that form (end 
of hemorrhage; EH). The time taken to EH was recorded. 


Resuscitation Procedure 


The rats then were divided into one of three groups: 
group | (n = 37) received LRS 3 times the shed blood 
volume over 45 minutes followed by a further 1X over 
60 minutes (total of 4X resuscitation). Group 2 (n = 27) 
received 3X LRS over 45 minutes followed by a further 
2X over 60 minutes (5X resuscitation). Group 3 (n = 21) 
received the shed blood (kept in the heparinized syringes) 
back over 45 minutes followed by a further 2X over 60 
minutes (blood-back resuscitation). 

At the end of resuscitation, the final MAP and Hct 
were recorded and the animals were lightly anesthetized 
with ether, decannulated, and the wounds were resutured. 
They were allowed to recover from the anesthetic and 
placed in individual cages with free access to food and 
water. 


Parameters Determined 


In addition to the parameters mentioned above, the 
following were noted: The total circulating blood volume 
(TCBV) was calculated, as previously described by 
Hauptman et al.,'' to be 6.12% of the body weight, and 
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the shed blood volume as a percentage of the TCBV was 
calculated. This was recorded as the percentage total blood 
volume removed (%TBVR). The animals were weighed 
daily. and survival was noted each day. 


Statis‘ical Analysis 


Statistical analyses were performed using one-way 
analysis of variance (ANOVA), Tukey’s, and the chi 
square test. The percentage data were subjected to arcsine 
transformation before statistical analysis was performed. 
Differznces were considered significant at p < 0.05. The 
results are expressed as mean + standard error of the 
mean. 


Results 
Initia: Parameters 


There was no statistical difference between the groups 
in the starting weights (282.8 + 1.7 g), percentage of blood 
volume removed (60.9 + 0.2%), time to maximal bleedout 
(44.5 + 0.2 minutes), time to end of hemorrhage (103.7 
+ 1.4 minutes), initial hematocrit (41.5 + 0.3%), or initial 
MAP (118.9 + 0.5 mmHg; one-way ANOVA; Table 1). 
This was true even if the animals were divided into sur- 
vivor and nonsurvivor subgroups and compared as such 
withir. each group or between each group (Tables 2 
and 3). 


Final Parameters 


The final Het (group 1 = 18.8 + 0.2%; group 2 = 17.6 
+ 0.4%; group 3 = 39.3 + 0.7%) and the final MAP (group 
1 = 88.6 + 2.1 mmHg; group 2 = 84.1 + 1.5 mmHg; 
group 3 = 120.0 + 2.1 mmHg) were significantly higher 
in the blood-back group (group 3) than in either of the 


TAB_E 1. Comparison of the Parameters Measured in all Animals 


Parameter Group | Group 2 Group 3 
Weight (g) 287.8 + 1.9 275.8 + 3.5 282.8 + 2.9 
% TBYR 61.1 + 0.2 60.4+0.3 61.1 + 0.3 
TMB (min) 44.1 + 0.2 45.1 + 0.5 44.0 + 0.4 
TEH (min) 107.9 + 1.4 101.6 + 3.4 99.1 + 1.9 
THet (3) 40.4 + 0.3 43.4 + 0.5 40.9 +0.5 
FHet ('%) 18.8 + 0.2 17.6 + 0.4 39.3 + 0.7* 
IMAP ‘mmHg) 117.8 + 0.7 120.7 + 1.0 118.2 + 1.0 
FMAP (mmHg) 86.6 + 2.1 84.1 + 1.5 120.0 + 2.1* 
n 37 27 2] 


Corr parison of initial body weight, percentage of total blood volume 
removed (% TBVR), time to maximum bleedout (TMB), time to end 
of hemorrhage (TEH), initial (Hct) and final (FHct) hematocrit, and 
initial IMAP) and final (FMAP) mean arterial pressure between group 
| (resuscitation [Rx] with 4 times [X] shed blood volume in the form of 
lactated Ringer’s solution [LRS]), group 2 (Rx with 5X LRS), and group 
3 (Rx with blood-back + 2 LRS). 

Mean + SEM. 

* = 3 < 107° compared with the other two groups, ANOVA, Tukey’s 
test. 
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TABLE 2. Comparison of the Parameters Measured in Survivors 


Parameter Group | Group 2 Group 3 
Weight (g) 288.9 + 2.6 275.5 + 4.2 282.1 + 4.0 
% TBVR 61.0 + 0.2 60.1 +0.4 60.9 + 0.4 
TMB (min) 44.3 + 0.2 45.2 +0.7 442 + 0.5 
TEH (min) 109.4 + 1.5 106.4 + 4.4 101.2 + 2.3 
THct (%) 40.4+03 43.80 + 0.8 41.2 +0.5 
FHct (%) 18.9 + 0.2 17.6 +0.6 39.1 + 1.0* 
IMAP (mmHg) 117.6 + 0.8 120.1 + 1.4 116.7 4 0.9 
FMAP (mmHg) 88.9 + 2.5 83.7 +23 121.8 + 2.4* 


n 25 14 15 


Comparison of initial body weight, percentage of total blood volume 
removed (% TBVR), time to maximum bleedout (TMB), time to end 
of hemorrhage (TEH), initial (IHct) and final (FHct) hematocrit, and 
initial (IMAP) and final (FMAP) mean arterial pressure between group 
1 (resuscitation [Rx] with 4 times [X] shed blood volume in the form of 
lactated Ringer’s solution [LRS]), group 2 (Rx with 5x LRS), and group 
3 (Rx with blood-back + 2X LRS). 

Mean + SEM. 

* = p < 10° compared with the other two groups, ANOVA, Tukey’s 
test. 


crystalloid resuscitation groups (ANOVA, Tukey’s test; p 
< 107°; Table 1). This same trend was seen in the survivor 
and nonsurvivor subgroups (Tables 2 and 3), but no sta- 
tistical differences were seen within the groups between 
survivors and nonsurvivors. 


Daily Body Weight and Mortality Rates 


On day | after hemorrhage, the change in body weight 
in group 2 (+4.00 + 1.27%) was significantly higher (p 
< 0.05; arcsine transformation followed by ANOVA; Fig. 
1) than in either of the other two groups (group | = 1.17 
+ 0.72%; Group 3 = —2.42 + 0.46%). No statistical dif- 
ferences were seen in the percentage weight change each 
subsequent day after hemorrhage (maximum loss of 7.93 


TABLE 3. A Comparison of the Parameters Measured in Nonsurvivors 


Parameter Group | Group 2 Group 3 
Weight (g) 285.7 + 2,5 276.0 + 5.6 284.7 + 2.6 
% TBVR 61.3+0.5 60.8 + 0.5 61.5 + 0.7 
TMB (min) 44.3+0.3 44.9+0.7 43.3 + 0.8 
TEH (min) 104.6 + 2.7 96.4 + 4.9 93.7 + 1.2 
THet (%) 40.4 + 0.5 49.2 + 0.7 40.3 1.1 
FHet (%) 18.6 + 0.4 17.7 + 0.4 39.7 + 0.8* 
IMAP (mmHg) 118.3 + 1.2 121.4 + 1.6 122.2 £1.7 
FMAP (mmHg) 81.7 & 3.5 84.5+ 2.0 115.7 + 3.5 


n 12 13 6 


Comparison of initial body weight, percentage of total blood volume 
removed (% TBVR), time to maximum bleedout (TMB), time to end 
of hemorrhage (TEH), initial (Hct) and final (FHct) hematocrit, and 
initial (IMAP) and final (FMAP) mean arterial pressure between group 
I (resuscitation [Rx] with 4 times [X] shed blood volume in the form of 
lactated Ringer’s solution [LRS)}), group 2 (Rx with 5X LRS), and group 
3 (Rx with blood-back + 2* LRS). 

Mean + SEM. 

* = p < 10%% compared with the other two groups, ANOVA, Tukey’s 
test. 
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@ 5x LRS 
Z Blood + 2x LRS 


% change in body weight 





0 1 2 3 4 5 6 7 8 
Days pest—hemorrhage 


Fic. 1. Daily percentage weight change (mean + SEM) after hemorrhage 
and resuscitation (see Materials and Methods for hemorrhage and re- 
suscitation procedure). Group | = resuscitation (Rx) with 4 times (X) 
the shed blood volume with lactated Ringer’s solution (LRS), group 2 
= Rx with 5X LRS, group 3 = shed blood-back + 2X LRS. The change 
in weight on day | after hemorrhage in group 2 is significantly different 
(* = p < 0.05, arcsine transformation, followed by ANOVA) compared 
with either of the two other groups. The reason for the initial weight 
gain in grcup 2 is the edema due to fluid overload, which is cleared by 
the second day after hemorrhage. No subsequent statistical differences 
are seen, 


+ 1.32% of the body weight on day 3) between the groups 
or within the groups between survivors and nonsurvivors. 
No statistical differences were seen in the percentage 
survival of the animals each day after hemorrhage between 
the groups (group | = 67.6%, group 2 = 51.9%, group 3 
= 71.4% on day 7 after hemorrhage; arcsine transfor- 
mation followed by ANOVA, chi square test; Fig. 2). 


Discussion 


Latta, in 1832,'* was the first to demonstrate the use 
of intravenous saline solution to treat hypovolemic shock. 
In 1899, Crile! showed that the maintenance of an ad- 
equate circulating volume and central venous pressure 
with an intravenous infusion of warm saline resulted in 
reduced mortality rate in experimental hemorrhagic 
shock. Despite this, the treatment of hypovolemic shock 
during World War I remained seating the patient upright 
and bleeding him until he was unconscious because shock 
was thought to be due to a circulating toxin.'* In 1930, 
the demonstration by Blalock!> that the cause of traumatic 
shock was hypovolemia, and the experience gained in the 
management of casualties in World War II, finally dis- 
pelled the toxemia theory of shock. Since then there have 
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% Survival 


5x LRS 
Blood + 2x LRS 





0 1 2 3 4 5 6 7 8 
Days post-hemorrhage 


Fic. 2. No differences in the daily percentage of animals still living after 
hemorrhage and resuscitation were seen between: any of the groups (see 
Materials and Methods for hemorrhage and resuscitation procedure). 
Group | = resuscitation (Rx) with 4 times (X) the shed blood volume 
with lactated Ringer’s solution (LRS), group 2 = Rx with 5X LRS, group 
3 = shed blood-back + 2X LRS. 


been vogues and controversies as to the type of fluid that 
should be used for resuscitation.*!® 

A combination of plasma and blood was the replace- 
ment regimen of choice until the early 1960s, when Shires 
et al.? clearly demonstrated the need to replace the extra- 
cellular fluid deficit with crystalloid solutions as well as 
the intravascular fluid losses. Also, Wolfmann et al.” 
showed that survival was markedly improved after hem- 
orrhagic shock if dogs were resuscitated with LRS and 
donor blood rather than shed blood alone. Jenkins et al.,'® 
in 1950, suggested that it was the excessive infusion of 
salt solutions that was the cause of congestive atelectasis 
seen frequently after severe hemorrhagic shock. The high 
incidence of pulmonary insufficiency seen in the severely 
injured in the Vietnam war led many investigators to be- 
lieve that infusions of colloid were necessary to prevent 
the adult respiratory distress syndrome. !? It subsequently 
has been shown that post-traumatic pulmonary insufh- 
ciency is more correlated with sepsis than with the type 
of fluid used in resuscitation.” Current practice in the 
United States is to resuscitate with LRS followed by blood 
as necessary.! 

There are, however, several problems with the use of 
blood and blood products, and these are currently cause 
for concern, especially with the problems associated with 
transfusion-transmitted AIDS. For this reason, we decided 
to investigate resuscitation after severe hemorrhagic shock 
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comparing crystalloid alone with a combination of blood 
and crystalloid. 

In this study, we used a model of surgical trauma; in 
other words, a 5-cm laparotomy incision. This is a sig- 
nificant trauma. Livingston and Malangoni”’ have shown 
that even a 1-cm skin incision before or after hemorrhage 
increases infection in the rat. Stephan et al.*! also have 
shown that laparotomy alone produces a marked depres- 
sion ir. cell-mediated immunity. Studies in our laboratory 
have demonstrated that whereas the mortality rate was 
only 10% after hemorrhage and resuscitation in the ab- 
sence Df such trauma, it was 60% if laparotomy was per- 
formed before hemorrhage.” Thus the model used in this 
study nvolved not only hemorrhage, but also significant 
tissue trauma (5 cm laparotomy), which plays a major 
role in the outcome of the animals after hemorrhage. 

The present study demonstrates that there is no differ- 
ence in the survival of rats after trauma (laparotomy) and 
severe hemorrhage when they are resuscitated with LRS 
alone or with a combination of blood and LRS (Fig. 2). 
Furthermore, there was no difference in the change in 
daily body weights at day | after hemorrhage (Fig. 1). The 
reasor. for the weight gain in group 2 on the first day after 
hemerrhage was edema due to fluid overload. This was 
cleared by the second post-hemorrhage day. 

The reason for the lack of benefit-of blood resuscitation 
may lie in the viscosity of the circulating blood. Crowell 
et al.~? found that increasing the hematocrit above 35% 
by re-transfusion of blood decreased survival in dogs after 
hemcrrhagic shock, and suggested that the reason for this 
may te increased blood viscosity. After hemorrhage and 
resuscitation, we found that there was no significant dif- 
ference between the final Hcts of the 4X (18.8 + 0.2%) 
LRS and 5X (17.6 + 0.4%) LRS-resuscitated groups, but 
that of the blood + 2X LRS (39.3 + 0.7%) resuscitated 
group was significantly higher (p < 107°). Thus, although 
there was increased oxygen-carrying capacity in the blood- 
back group, the benefits appear to have been outweighed 
by the increase in blood viscosity. 

Crowell and Read** have demonstrated that there is 
hypercoagulability after resuscitation of animals with shed 
blood They suggested that this may be due to release of 
microthrombi into the circulation. This also may affect 
the supply of nutrients to the tissues and the removal of 
the products of metabolism, leading to increased mortality 
rate in the blood-back group. 

We found that the final MAP was significantly higher 
(p < 1076) in the group of animals resuscitated with blood 
and LRS (120.0 + 2.1 mmHg) than in either the 4X (86.6 
+ 2.1] mmHg) or the 5X (84.1 + 1.5 mmHg) LRS-resus- 
citated groups. This is not surprising because it is known 
that LRS rapidly enters the extravascular space, and this 
is one of the reasons Shires et al.? recommended its use 
in the resuscitation of hypovolemic shock. Despite this, 
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however, there was no difference in the survival of the 
animals in the three groups. Thus, it appears that blood 
transfusion is not always necessary in the management 
of hemorrhagic shock, and this is in agreement with the 
suggestions of other investigators.°”> 

There has been concern expressed about erythrocyte 
replacement because transfusion of crystalloids alone will 
diminish the oxygen-carrying capacity of blood after sig- 
nificant blood loss. Recent studies in this laboratory have 
indicated that 50% acute hemodilution with LRS in sham- 
operated animals did not significantly affect cardiac out- 
put.”° Similar observations concerning cardiac output and 
hemodilution have been reported by others.?”*8 Further- 
more, Pelton et al.,’ in graded hemodilution studies, have 
shown that Hcts of 10% to 15% in animals subjected to 
acute hemodilution were well tolerated. Moreover, Mesh 
and Gewertz,”’ in an intestinal ischemia model, have 
demonstrated that hemodilution has no adverse effects 
on oxygen consumption during hypotension and hypo- 
perfusion. Indeed, they suggest that hemodilution may 
even be beneficial during reperfusion after ischemia.” 

It should be pointed out that we are not advocating 
that blood never be used in the resuscitation of hypovo- 
lemic shock, but suggesting that the threshold for its use 
may perhaps be higher than at present. The commonly 
used “transfusion trigger” Hct of 30%° is arbitrary and, 
as pointed out previously, Hcts as low as 10% to 15% have 
been well tolerated.’ This is in agreement with our findings 
that a hematocrit of 15% to 20% was no more detrimental 
to the survival of animals subjected to severe trauma- 
hemorrhagic shock than that of animals with Hcts of 35% 
to 40%. The results of the study presented here are of 
significance especially in the present climate of attempting 
to avoid the transfusion of blood and blood products. 
There are several potential problems associated with the 
use of blood and blood products, even if they were not 
sO expensive and in relative short supply. 

Platelet and coagulation factor deficiencies are seen in 
some patients after a massive blood transfusion and may 
lead to a bleeding diathesis. This is commonly known as 
“dilutional coagulopathy,” but dilution is only a small 
part of the problem.*°?! There is an excess of citrate in 
stored blood to completely bind calcium and prevent 
clotting and, under normal circumstances, this is rapidly 
metabolized in the liver. We have recently shown, how- 
ever, that hepatocellular dysfunction occurs early after 
hemorrhage and persists despite fluid resuscitation.** This 
may be part of the explanation for the hypocalcemia seen 
after blood transfusion.” The concentration of potassium 
in the plasma of stored blood increases with time, and 
hyperkalemia may occur during the rapid phase of trans- 
fusion.® Banked blood is acidic because of the citrate an- 
ticoagulant and becomes more acidic with storage as lactic 
acid accumulates. This may lead to acid-base imbalances.’ 
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Storage of blood increases the 2,3-DPG level of erythro- 
cytes and this decreases the affinity of hemoglobin for 
oxygen, thereby decreasing the delivery of oxygen to tis- 
sues.** Hypothermia is a complication of the massive 
transfusion of refrigerated blood, leading to several clinical 
problems.*° Stored blood develops particulate debris con- 
sisting of microaggregates of platelets, leukocytes, and fi- 
brin, some of which are too small to be removed by stan- 
dard 179-um blood infusion filters and may result in pul- 
monary insufficiency.*° Antibodies present in the 
recipient’s plasma and directed against foreign transfused 
red cell antigens can cause serious problems and even 
death.” 

Probably the most emotionally charged complication 
of transfusion of blood and blood products presently is 
the possibility of transfusion-transmitted diseases. The 
most serious problem in terms of frequency and compli- 
cations 1s non-A, non-B hepatitis. Evidence for the infec- 
tion can be found in as many as 7% of transfusion recip- 
ients within 6 months of the transfusion, and chronic 
hepatitis develops in as many as 50% of the affected in- 
dividuals.*® The most serious problem in terms of public 
concern is the possible transmission of the AIDS virus.!° 
In 1987, 886 cases of transfusion-associated AIDS had 
been reported,” but to put this in perspective, more than 
10 million transfusions are given yearly.® 

In summary, therefore, we compared the weight 
changes and mortality rates in rats subjected to trauma 
and severe hemorrhagic shock and resuscitated with either 
LRS alone or with blood plus LRS. We found that there 
was no statistical difference in the mortality rate and no 
differences in weight change at day 2 after hemorrhage 
between these different resuscitation regimens. These re- 
sults suggest that the “hematocrit trigger” for transfusion 
should perhaps be lowered to 20%. 
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Treatment of Anal Incontinence by an Implantable 


Prosthetic Anal Sphincter 





Twelve patients with anal incontinence due to neurologic disease 
or failure of previous incontinence surgery underwent implan- 
tation of an artificial anal sphincter. The system used was a 
modification of the AMS 800 artificial urinary sphincter. In two 
patients, infection necessitated removal of the system, and in 
four patients, eight revisional procedures had to be performed 
because of mechanical failure. After various modifications of the 
system, especially reinforcement of the closing mechanism of 
the cuff, only one case of mechanical failure has occurred. Erosion 
through the anal canal did not occur. Among 10 patients with 
the system in function for more than 6 months, the result was 
considered excellent in 5, with only occasional leakage of flatus, 
good in 3, who occasionally leaked liquid feces and flatus, and 
acceptable in 2, in whom the cuff obstructed defecation. It is 
concluded that implantation of an artificial anal sphincter is a 
valid alternative to permanant colostomy in patients with anal 
incontinence due to neurologic disorders and in patients in whom 
other types of incontinence surgery have failed. 


UCCESSFUL SURGICAL TREATMENT of traumatic 

anal incontinence has been achieved in approxi- 

mately 80% of patients by reconstruction of the 
sphincter and pelvic floor muscles,'!” whereas long-term 
results in patients with idiopathic incontinence have been 
less satisfactory.” In patients with severe destruction of 
the external anal sphincter or failure of local repair, trans- 
position of skeletal muscle (mainly gracilis or gluteus 
maximus) has been carried out with acceptable results,*° 
which have recently been considerably improved by the 
simultaneous implantation of a neuromuscular stimu- 
- lator.” 

Anal incontinence due to neuromuscular disorders has 
not until recently been within the range of surgical or 
other forms of treatment. We recently reported the first 
successful implantation of an artificial sphincter for anal 
incontinence in a patient with a neurologic disease.? We 
report herein the results of the first 12 consecutive im- 
plantations. 
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Materials and Methods 


The artificial sphincter used is a modification of the 
AMS 890 artificial urinary sphincter (American Medical 
Systems [AMS], Minneapolis, MN}. It consists of three 
parts (Fig. 1): a cuff placed around the anal canal, a pres- 
sure-regulating balloon, and a pump placed in the scrotum 
or labium majus with which the patient can inflate and 
deflate the cuff. The cuff is available in lengths of up to 
14 cm and with maximum pressure of up to 90 cm H,O. 

Preoperative bowel preparation was performed by 
whole-gut irrigation, and the operation was performed 
with the patient in the lithotomy position. Two vertical 
incisions, each approximately 3 cm long, were made 
around the anal canal at 3 and 9 o’clock and a tunnel 
was created around the anal canal by blunt dissection. 
Pulleys were created posteriorly using the anococcygeal 
raphe and anteriorly using the raphe of the transversus 
perinei muscle. This ensured that the cuff would remain 
in the correct position around the anal canal. The pump 
was placed in the scrotum or labium majus, and the pres- 
sure-regulating balloon extraperitoneally on the left side 
of the bladder. 

Finally, the three components were connected through 
subcutaneous tunnels with Silastic tubings. Defunctioning 
enterostomy was not used. Antibiotic prophylaxis with 
cefuroxime 750 mg, metronidazole 500 mg, and clinda- 
mycin 600 mg was instituted on induction of anesthesia 
and continued with three daily doses for 8 days. During 
the first 3 to 4 weeks after the operation, the system was 
left deactivated with the cuff permanently deflated. The 
patients were kept on a liquid elementary diet for 8 days. 

All the patients, in whom the implantation was the 
only alternative to a permanent colostomy, gave their 
consent after being informed of the experimental nature 
of the procedure, including the risk of infection. 
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Fic. 1. The artificial anal sphincter in position. The cuffis placed around 
the anal canal, the pressure-regulating balloon to the left of the bladder, 
and the pump (control assembly) in the scrotum. 


Twelve patients, 9 women and 3 men with ages ranging 
from 25 to 68 years and suffering from total anal incon- 
tinence due mainly to neurologic disorders, had a modified 
AMS sphincter implanted (Table 1). Nine patients were 
incontinent because of neurologic disorders. One (with 
cerebral trauma) had been operated on for anal atresia in 
childhood with an unsatisfactory result. After cerebral 
trauma, he had become completely incontinent. One of 
the three patients with failed previous surgery was still 
incontinent despite both a previous local sphincter repair 
and a gracilis transposition. 

The median follow-up period was 19 months (range, 6 
to 34 months). Preoperative anorectal physiologic pa- 
rameters are shown in Table 2, together with control val- 
ues from our laboratory.’ 


Results 


The technical results of the implantation are shown in 
Table 3. Two patients developed infection that necessi- 


TABLE 1. Underlying Disorders That Cause Anal Incontinence 
Necessitating Implantation of Artificial Sphincter 


Anal incontinence due to neurologic disorder 
Prolapsed intervertebral disc 
Benign spinal tumor. 
Diabetic neuropathy 
Polyneuropathy 
Cerebral trauma 
Myasthenia gravis 
Failure of previous therapy for anal incontinence 
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TABLE 2. Preoperative Anorectal Physiologic Parameters 


Patients Control value 
Anal resting pressure (cm H,O) 5-20 46-98 
Anal squ2eze pressure (cm H20) 10-48 78-234 
Maximum tolerable rectal 
volum2 (mL) 100-450 175-450 
Pudenda nerve terminal latency 
(msec) 


2.6-4.8 <2.2 


* Exanined in only 7 patients with neurologic disease. 


TABLE 3. Technical Result of Implantation of Artificial Sphincter 


Early renoval of system 2 
Revisional surgery (no. of procedures) 8 
Median period with system in function (mo) 19 (6-35) 


tated removal of the device 11 and 20 days, respectively, 
after intplantation. One of these patients had the antibiotic 
prophy_axis discontinued after 3 days because of nausea 
and vomiting. The other, a young man with chronic ne- 
phritis and generalized neuropathy who had refused co- 
lostomy, was under immunosuppressive treatment. 

Revisional surgery for mechanical failure of the system 
(rupture of the cuff and balloon) had to be performed 8 
times in four patients, finally resulting in removal of the 
device in two. These two patients would have required 
yet ancther revision (revision numbers 3 and 4, respec- 
tively) due to repeated rupture of the cuff, but at that stage 
they preferred a permanent colostomy instead. In one pa- 
tient, infection at the pump site occurred 6 months after 
implantation. At that time, the patient was receiving 
prednisone 40 mg daily because of his primary disease 
(myasthenia gravis). The pump was reimplanted on the 
opposite side, after which no further infection developed. 
Erosion of the cuff into the anal canal did not occur in 
any patient. 

The clinical results in the 10 patients in whom the sys- 
tem has been in function for more than 6 months are 
shown -n Table 4. Five patients were completely continent 
with orly occasional leakage of flatus and no obstruction 
of defecation. Three patients leaked flatus and occasionally 
liquid feces as well. In two patients with irritable bowel 
syndrome and frequent periods of constipation, obstruc- 
tion defecation necessitated frequent use of laxatives and 
enemas. This was due to the cuff, which in both patients 
was 10 cm long. One of these patients also leaked fluid 
feces p2riodically. Both patients, however, preferred the 
artificial sphincter to their preoperative condition. 


TABLE 4 Clinical Result of Implantation of Artificial Anal Sphincter in 
10 Patients With the System in Function More Than 6 Months 


Excellent 

Good 

Acceptable 

Total l 
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Anal canal pressure with the cuff deflated and inflated 
was 5 to 38 and 40 to 82 cm HO, respectively. Defecog- 
raphy with the cuff open and closed was performed in 
nine patients, demonstrating an anorectal angle of less 
than 90° with the cuff inflated (Table 5). There was no 
leakage of the semisolid contrast medium during straining. 
An example is shown in Figure 2. 


Discussion 


Implantation of an artificial sphincter for anal incon- 
tinence should be considered as an alternative to per- 
manent colostomy. These preliminary results demonstrate 
that the technique can provide satisfactory function even 
after long-term follow-up and that the complications most 
feared, namely infection and erosion, can be controlled. 
Furthermore, the implantation can be performed without 
a protective colostomy when adequate bowel cleansing 
and antibiotic prophylaxis are used. 

The high frequency of revisional surgery due to me- 
chanical failures of the system (mainly rupture of the 
closing tab of the cuff) was limited to the first part of the 
study, where the unmodified urinary sphincter (AMS 800) 
was used. After modification of the system for use as an 
anal sphincter, which included longer and higher cuffs 
(up to 14cm in length and 2.5 cm high), higher-pressured 
balloons (84 to 90 cm H0), and stronger closing tabs of 
the cuff, mechanical failure has only occurred once. Be- 
cause some diffusion of fluid from the system may take 
place, another technical advantage has been the construc- 
tion of aseptum pump, which allows refilling of fluid into 
the system by percutaneous puncture. 

Some technical details are important for a satisfactory 
outcome. It is essential that the cuffis kept in place around 
the anal canal and does not slide down against the perineal 
skin, because this will compromise its effect on the anal 
canal and possibly result in erosion through the skin. This 
is accomplished by placing the cuff above the anococcygeal 
raphe posteriorly and above the corresponding raphe an- 
teriorly. If the latter is not present, it may be substituted 
by the tendinous part of the transversus perinei muscle. 
In the patient with anal atresia, it was possible to place 
the cuff above a rudimentary puborectalis muscle. 

Erosion of the cuff into the anal canal did not occur in 
any patient. This is possibly because the cuff was placed 


TABLE 5. Relationship Between Clinical Results and Anal Canal 
Pressure and Anorectal Angle With the Cuff Deflated/Inflated 


Clinical Result 


Excellent Good Acceptable 
Anal canal pressure 
(mmHg) 10-22/62-82 5-38/40-74 8-26/48-68 
Anorectal angle (°) 105-—120/72-85 100-125/72-85 108-—130/80-88 
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FIG. 2. Defecography during maximum straining with the cuff inflated. 
The anorectal angle is maintained at approximately 90°. 


around the sphincter muscles, which, in all patients except 
one, were anatomically intact and thereby constituted a 
protective layer around the anal canal. In the patient with 
anal atresia who had no such protective muscles, a layer 
of fascia from the anterior rectus sheet was encircled 
around the bowel before placing the cuff. This patient has 
been followed for 30 months with no sign of erosion. The 
fact that the anal canal pressure with the cuff inflated was 
constantly lower than the cuff pressure indicates that the 
compression force of the cuff is absorbed partially by the 
muscles and connective tissue around the anal canal. 

As in other forms of surgery for anal incontinence, the 
outcome cannot be correlated convincingly to the anal 
canal pressure obtained postoperatively with the cuff in- 
flated.'° Defecography with the cuff deflated and inflated 
Suggests the importance of an obtuse anorectal angle dur- 
ing inflation that act as a flap valve. 

The present modification of the artificial sphincter 
seems to have overcome the initial mechanical problems 
that necessitated repeated revisional procedures. There 
should now be no reason to believe that the risk of me- 
chanical failure will be different from that seen with the 
artificial urologic sphincter, which is at present lower 
than 5%.!! 
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In conclusion, these preliminary results indicate that 
implantation of an artificial sphincter is a valid alternative 
to permanent colostomy in patients with anal inconti- 
nence due to neuromuscular disease. 
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Long-limb Gastric Bypass in the Superobese 


A Prospective Randomized Study 





ROBERT E. BROLIN, M.D., F.A.C.S.,* HALLIS A. KENLER, PH.D., R.D.,* 


This study was designed to determine whether greater diversion 
of bile and pancreatic secretions away from the functional gas- 
trointestinal tract would produce greater weight loss in super- 
obese patients (2200 pounds overweight) in comparison with 
conventional Roux-en-Y gastric bypass (RYGB). During the past 
7 years, two modifications of RYGB were prospectively compared 
in 45 superobese patients: RYGB-1, in which the length of de- 
functionalized jejunum measured 75 .cm, and RYGB-2, in which 
the defunctionalized jejunum measured 150 cm. Respective mean 
preoperative weight/body mass indexes were 393 pounds/63.4 
for 22 RYGB-1 patients and 404 pounds/61.6 for 23 RYGB-2 
patients. Two patients (5%) had nonfatal early complications. 
There were six late incisional hernias. There were no cases of 
protein deficiency, hepatic dysfunction, or diarrhea after oper- 
ation. Mean follow-up was 43 + 17 months. Postoperative weight 
loss in pounds and daily calorie intake were compared at 6-month 
intervals. Weight loss stabilized by 24 months at a mean 50% 
excess weight lost in RYGB-1 patients and 64% excess weight 
lost in RYGB-2 patients. Nineteen of 23 RYGB-2 patients 
achieved at least 50% excess weight lost versus 11 of 22 RYGB- 
1 patients (p < 0.03). Weight loss was significantly greater at 
24 through 36 months in RYGB-2 versus RYGB-1 patients (p 
< 0.02). There was no significant difference in either calorie 
intake or incidence of iron and vitamin B-12 deficiency between 
the two groups. These data show that gastric restriction and 
biliopancreatic diversion without intestinal exclusion resulted in 
significantly greater weight loss than conventional RYGB but 
did not cause additional metabolic sequelae or diarrhea. This 
long-limb modification of Roux-en-Y gastric bypass is a safe and 
effective procedure in patients who are 200 pounds or more over- 
weight, 
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HE MINIMUM WEIGHT limit for patients who are 

considered candidates for surgical treatment of 

obesity falls in the range of 100 pounds or 100% 
above so-called ideal weight as defined by standard life 
insurance tables.'? The concept of “superobesity” has re- 
cently evolved to describe a smaller group of patients 
whose weight far exceeds the minimum weight criteria 
required for surgical treatment. Successful weight loss in 
these massive patients has been highly problematic after 
conventional gastric restrictive operations. This study was 
performed to determine whether a modification of Roux- 
en-Y gastric bypass (R YGB) in which bile and pancreatic 
secretions were diverted more distally in the functional 
digestive tract would result in greater weight loss in su- 
perobese patients than conventional RYGB. 


Clinical Material and Methods 


During the past 7 years, 45 superobese patients were 
prospectively randomized to receive one of two modifi- 
cations of RYGB. Candidates for the study weighed at 
least 200 pounds more than ideal body weight at the time 
of their initial preoperative screening examination. All 
patients were independently evaluated by the surgeon and 
a clinical nutritionist, (Hallis A. Kenler, Ph.D., R.D.) at 
each outpatient visit before and after operation. Weight, 
blood pressure, and pulse rate were recorded at each visit. 
At the initial screening visit, the medical history was re- 
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corded and the clinical protocol was presented to pro- 
spective patients by the surgeon. Patients who were in- 
terested in participating in the study were given a consent 
form, which was reviewed again at the time of hospital 
admission. Patients usually signed the consent form on 
the evening before operation. Randomization was carried 
out on the day of operation. 

The nutritionist obtained a detailed 1-day recall diet 
history from each patient at the initial screening visit and 
at each postoperative visit after the first month. The recall 
diet analysis included determination of each patient’s total 
daily calorie intake and the relative percentage intake of 
protein, carbohydrate, and fat. The percentage of daily 
calories from milk products and sweets was also deter- 
mined. Sweets intake was further subdivided into solid 
and liquid categories. Nutritional data were analyzed using 
the Nutritionist IHI computer program {N-Squared Com- 
puting, Silverton, OR) according to methods described 
previously.° 

A chem-21 screen, lipid risk profile, urinalysis, chest x- 
ray, and electrocardiogram were performed in all patients 
before operation. A complete blood count; serum levels 
of vitamin B-12, folate, and iron; and iron-binding ca- 
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pacity were measured before operation and at each post- 
operative visit beginning at 6 months. Fasting serum glu- 
cose and lipid levels were followed at 6-month intervals 
in patients who had diabetes or hyperlipidemia before 
operation. Blood samples for measurements of liver func- 
tion, albumin, and total protein were also obtained at 6, 
12, and 18 months after operation. We had hoped to 
measure 24-hour fecal fat content after operation. How- 
ever, compliance in obtaining the fecal specimens was so 
poor that these measurements were dropped from the 
study protocol. 

The operative techniques are shown illustrated in Figure 
1. All operations were performed by one surgeon (Robert 
E. Brolin, M.D.) at Robert Wood Johnson University 
Hospital. In each case, the volume of the upper gastric 
pouch was made as small as possible to allow for creation 
of an 11.4-mm-diameter gastrojejunostomy. Upper 
pouch volumes were measured in the range of 20 + 5 
mL. The distance between the gastrojeyunostomy and je- 
junojejunostomy was measured on the antimesenteric 
border with the bowel on a stretch. In RYGB-2, the dis- 
tance between the jejunojejunostomy and ileocecal junc- 
tion was determined to be at least as long as the proximal 
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Fic. 1. (Left) In the conventional modification of gastric bypass (RYGB-1), the jejunum was transected 15 cm beyond the ligament of Treitz and 
the jejunojejunostomy was performed at a measured distance of 75 cm distal to the gastrajejunostomy. (Right) In the experimental group (RYGB- 
2), the jejunum was transected 30 cm distal to the ligament of Treitz and the jejunojejunostomy was created at a measured distance of 150 cm from 
the gastrojejunostomy. 


Vol. 215- No. 4 


measurement between the jejunojeyunostomy and the 
upper gastric pouch. Other details of the operative tech- 
nique of gastric bypass have been described previously.*” 
‘ In the RYGB-1I group, there were 18 women and 4 
men, ranging in age from 21 to 60 years, with a mean age 
of 38.7 years. The mean preoperative weight in RYGB- 
1 patients was 393 + 64 pounds, and ranged from 324 to 
586 pounds. The mean preoperative body mass index 
(BMI) was 63.4 + 10 kg/m? and ranged from 48.8 to 94.6 
kg/m*. The mean age of the 8 men and 15 women in the 
RYGB-2 group was 36.5 years and ranged from 18 to 61 
years. In RYGB-2 patients the mean preoperative weight 
was 404 + 61 pounds and ranged from 320 to 592 pounds. 
The mean preoperative BMI was 61.6 + 9 kg/m? and 
ranged from 51.8 to 89.9 kg/m?. 

After operation, a daily multivitamin supplement con- 
taining minerals was recommended for all patients. Pa- 
tients were instructed to follow a modified liquid diet for 
the first 4 weeks.’ At the 4-week visit, patients were given 
a new diet consisting of a variety of soft solid foods. Sub- 
sequent follow-up visits were scheduled at 3-month in- 
tervals during the first postoperative year, at 6-month in- 
tervals during the second year, and annually thereafter. 
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Statistical analysis of data was performed using Fisher’s 
exact test, Student’s t test and the Wilcoxon rank-sum 
test for comparisons between the two groups. 


Results 
Weight Loss and Calorie Intake 


Postoperative weight loss in pounds is shown in Figure 
2. Weight loss generally stabilized. between 12 and 18 
months after operation and had stabilized at 24 months 
after operation in all but one patient. This 33-year-old 
police officer became an avid weight lifter and occasional 
jogger after losing more than 150 pounds during the first 
18 months after operation. A high level of physical activity 
probably contributed to his losing 50 more pounds during 
the third postoperative year. Although mean weight loss 
in RYGB-2 patients was greater than that in RYGB-1 
patients at 6, 12, and 18 months after operation, this dif- 
ference was not statistically significant. Mean weight loss 
at 24 and 36 months, however, was significantly greater 
in RYGB-2 versus RYGB-1 patients (p < 0.02 by un- 
paired Student’s t test). At 24 months, the mean per- 
centage of excess weight lost was 50% in RYGB-1 patients 
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FIG. 2. Postoperative weight loss. The following values correspond with mean + SD weight loss shown in the graph. 


6 mo 12 mo 18 mo 24 mo 36 mo 48 mo 
RYGB-! 88 + 23 118 + 35 133 + 40 117 + 38* 115 + 49* 140 + 63 
RYGB-2 104 + 37 140 + 41 161+ 51 168 + 52* 165 + 50* 159 + 70 


* Significant difference between groups (p < 0.02 by unpaired Student’s t test). 
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versus 64% in RYGB-2 patients. Nineteen of the 23 
RYGB-2 patients lost at least 50% of their excess weight, 
whereas only 11 of 22 RYGB-1 patients lost 50% or more 
of their excess weight (p < 0.03 by Fisher’s exact test). 
Postoperative changes in BMI are shown in Figure 3. 
Body mass index changes in each group closely corre- 
sponded with weight loss. Mean BMI in RYGB-2 patients 
was significantly less than that in RYGB-1 patients at 24 
months after operation (p < 0.01 by unpaired Student’s 
t test). The difference in BMI between the two groups at 
36 months approached statistical significance (p = 0.06). 
Mean daily calorie intake before cperation was 3621 
+ 1677 calories in RYGB-1 patients versus 3828 + 1120 
calories in RYGB-2 patients. Postoperative daily calorie 
intake is shown in Figure 4. Postoperative calorie intake 
was significantly decreased versus preoperative levels in 
both groups throughout the duration of the study (p 
< 0.001 by paired Student’s t test). Total calorie intake 
at 6 months after operation was significantly lower in 
RYGB-1 patients versus RYGB-2 patients (p < 0.03 by 
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Wilcoxon rank-sum test). Daily calorie intake remained 
somewhat lower in RYGB-1! patients throughout the re- 
mairder of the study. The percentage of protein, carbo- 
hydrate, and fat in the diet was similar in RYGB-1 versus 
RYCB-2 patients after operation. There was also no sig- 
nificent difference in consumption of sweets or milk 
products between the two groups. 


Improvement of Medical Problems and Lifestyle 


There were 101 medical problems identified before op- 
eration in the two groups, as shown in Table 1. Only 3 
of the 45 patients (6.6%) did not have obesity-related 
medical illnesses before operation. Hypertension, defined 
as a resting diastolic blood pressure of 90 mmHg or 
greater, was the most common problem and was recog- 
nized in 73% of these patients. Venous stasis was char- 
acterized by skin discoloration and brawny edema in the 
lower legs. Arthritis invariably involved weight-bearing 
joints. Congestive heart failure was typically associated 


O RYGB-! 


A RYGB-2 





CO) 
@ 





0 12 
MONTHS FOSTOP 


24 36 48 


Fic. 3. Postoperative changes in BMI. The shaded area corresponds with the BMI ranze below Bray’s minimum definition of obesity (BMI = 30). 
The following values correspond with mean + SD BMI shown in the graph. 


6 mo 12 mo 18 mo 24 mo 36 mo 48 mo 
RYGB-1 49+9 44 +8 42 +11 45 + 13* 45+ 14 43 + 10 
RYGB-2 46+8 49 +9 38+ 7 35+ 5* 37+ 6 37 11 


* Significant difference between groups (p < 0.0! by unpaired Student’s t test). 
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Fic. 4. Postoperative calorie intake. The numbers within bars represent the number of patients followed at each interval. The following values 
correspond with mean + SD calorie intake in graph. 
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6 mo 12 mo 18 no 24 mo 36 mo 48 mo 
RYGB-1 848 + 181* 1102 + 482 1296 + 392 1549 + 528 1643 + 434 1722 + 742 
RYGB-2 1026 + 290* 1225 + 298 1285 + 271 1770 + 618 1990 + 679 1789 + 585 


* Significant difference between groups (p < 0.03 by Wilcoxon rank-sum test). 


with cardiomegaly, edema of the lower extremities, and 
elevated pulmonary artery wedge pressure measurements. 
All of the six diabetic patients were resistant to large doses 
of insulin. The five patients with asthmatic bronchitis were 
taking bronchodilators and had exertional dyspnea. Car- 


diac arrhythmias included multifocal premature ventric- 


ular contractions in three patients and atrial fibrillation 
in two patients. Patients with sleep apnea syndrome had 
elevated resting arterial carbon dioxide partial pressure 
levels and multiple apneic spells identified during poly- 
somnographic studies. 

Table 1 also shows the response of the 101 medical 
problems to weight loss at 24 months after operation. Im- 
provement in congestive heart failure, arthritis, and asth- 
matic bronchitis included reductions in both symptoms 
and medications. Medical illnesses were either resolved 


or improved in all but four patients (9%). Each of these -- 


patients had unsatisfactory weight loss. with excess weight 
loss ranging from 33% to 47% at 24 months after opera- 
tion. 


Weight loss also had a positive socioeconomic effect 
on many of these patients. Seven of 11 patients (64%) 
who were receiving welfare or medical disability before 
operation subsequently became gainfully employed. Al- 
though most patients claimed greater satisfaction in their 
sex and social lives after operation, divorces among 
women outnumbered marriages by three to two. There 
was one divorce among the nine men who were married 
before operation. One man was married 18 months after 
RYGB-2. Two other men who were unmarried before 
operation remain single. 


Postcperative Complications 


There were three early postoperative complications in 
two patients. One patient had a major skin wound dehis- 
cence that required operative closure. The other patient 
had a pulmonary embolus 10 days after a major wound 
infection developed. There were no perioperative deaths. 

Late complications included six incisional hernias that 
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TABLE 1. Incidence of Obesity-related Medical Problems and Response 
to Weight Loss at 24 Months 


(%) of 
Total 
Problem No. Patients Resolved Improved Unchanged 
Hypertension 33 73 22 8 3 
Venous stasis 20 44 5 12 3 
Congestive heart 
failure 10 27 2 8 2 

Arthritis 11 24 3 8 0 
Hyperlipidemia 6 13 1 4 ! 
Diabetes 6 13 3 3 0 
Asthmatic bronchitis 5 li 4 Í 0 
Cardiac arrhythmia 5 1} 0 4 1 
Sleep apnea 3 7 3 0 0 
Total no. (%) 101 (100) 43 (43) 48 (47) 10 (10) 


Numbers in the third column are percentages of each problem in the 
entire series of 45 patients. Medical problems were considered resolved 
when they were controlled without medication and improved when they 
were controlled with reduced doses of medication, 


were recognized between 6 and 24 months after operation, 
and one marginal ulcer. Postoperative vitamin and min- 
eral deficiencies were noted in 16 patients who had 
RYGB-1 and in 17 patients who had RYGB-2. Three 
patients in each group had folate deficiency that was easily 
corrected by addition of a daily multivitamin supplement. 
Five patients in each group had vitamin B-12 deficiency. 
Nine of the ten vitamin B-12 deficiencies responded to 
additional oral B-12 supplements of 500 ug daily. Iron 
deficiency was noted in 11 RYGB-1! patients and in 13 
RYGB-2 patients. All but | of these 24 patients were 
women. Nine of the 11 women with iron deficiency in 
the RYGB-1 group had a microcytic anemia. In the 
RYGB-2 group, iron-deficiency anemia was recognized 
in 6 of the 12 women with iron deficiency. Twelve of the 
24 patients with iron deficiency responded to oral iron 
supplements of 600 or 900 mg daily. Two of the 12 pa- 
tients who did not respond to oral iron administration 
were given intramuscular injections of Imferon (Fisons, 
Bedford, MA). Both of these women had moderately se- 
vere iron-deficiency anemia (hemoglobin < 10 g/dL) and 
are still receiving Imferon injections. The remaining 10 
patients with uncorrected iron deficiency are currently 
taking oral supplements. 

There were no cases of postoperative protein deficiency 
or hepatic dysfunction. One RYGB-2 patient who was 
taking furosemide 80 mg daily for hypertension and 
congestive heart failure had transient hypokalemia that 
was corrected by increasing her oral potassium supple- 
ment. No patient had diarrhea after operation. Most pa- 
tients reported having one small formed stool per day. 
Several patients in the RYGB-2 group reported having 
two or three semisolid stools during the first several 
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months after operation. By 1 year, however, the consis- 
tency of stools in these patients gradually increased, and 
the frequency decreased to normal levels. 

Tre only late death occurred at age 53 in a RYGB-1 
patieat who died of congestive heart failure 6 years after 
operetion. This man was reported to be a reformed al- 
coholc who weighed 449 pounds and had diabetes, hy- 
pertension, and biventricular heart failure at the time of 
operazion. During the first postoperative year, he required 
a femoral popliteal bypass and subsequent amputation of 
his right foot for progressive diabetic atherosclerotic dis- 
ease d2spite losing more than 150 pounds. His symptoms 
of congestive heart failure were notably improved during 
the first 18 months after operation, until he resumed 
drinking. After resumption of alcohol intake, he gained 
weight rapidly and had fulminant anasarca at the time of 
his deéth. 


Follow-up 


Postoperative follow-up in these patients was difficult. 
Mean follow-up was 43 + 17 months and ranged from a 
minimum of 12 months to a maximum of 86 months. 
All patiznts were followed in the outpatient clinic at Rob- 
ert Wood Johnson University Hospital through their 6- 
month visit. The number of patients followed at each in- 
terval through 48 months is shown in Figure 4. Several 
patients missed interval visits but were not lost to follow- 
up. Three RYGB-1 patients did not return for follow-up 
at our medical center after the first postoperative year. 
One of these patients was subsequently followed through 
a medical clinic in Elizabeth, New Jersey, for 36 months. 
Another patient refused to keep numerous follow-up ap- 
pointments after 6 months. Her weight after 18 months 
was provided by her gynecologist, and was recorded as 
351 pounds because it exceeded the 350-pound limit of 
his office scale by an unknown amount. The remaining 
patient moved to Texas after 12 months and was followed 
locally b: a physician who provided follow-up data for 
another 12 months. Another patient in the RYGB-1 group 
was withdrawn from the study after 24 months, when she 
was converted to a distal gastric bypass because of unsat- 
isfactory weight loss. Two other patients (one in each 
group) were lost after moving out of state during the fourth 
postoperative year. One patient in the RYGB-2 group 
was excluded from the study after full-blown acquired 
immune ceficiency syndrome developed 16 months after 
operation. 

Three women became pregnant during follow-up, in- 
cluding a 35-year-old woman in the RYGB-1 group who 
became pzegnant 6 months after operation, and two 
women in the RYGB-2 group, ages 19 and 29, who be- 
came pregaant during the latter part of the second post- 
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operative year. During pregnancy, the weight of these three 
women was not entered in the study. Their weights were 
again recorded 3 months after delivery. The postpartum 
weight of each patient was less than the preconception 
weight. All three pregnancies were uncomplicated and 
ended with normal labor and delivery of four healthy in- 
fants (One woman had twins.). 


Discussion 
Defining Superobesity 


Our arbitrary definition of superobesity at 200 pounds 
or more greater than ideal weight was chosen to reflect a 
minimum weight limit that corresponded to twice the 
minimum weight criterion (=100 pounds overweight) that 
is used to define morbid obesity. In 1987, Mason et al.° 
classified patients who weighed 225% or more above ideal 
weight as “‘superobese,” and suggested that these patients 
required a separate outcome analysis from their lighter 
morbidly obese patients, who weighed between 160% and 
225% of ideal weight before vertical banded gastroplasty.° 
The basis of their recommendation was their finding that 
the heaviest patients lost a significantly lower percentage 
of their excess weight despite losing a significantly greater 
quantity of weight in comparison with the lighter patients. 
Benotti et al.,? Sugerman et al., Yale,? and MacLean, 
Rhode, and Forse'® have subsequently used the Mason 
group’s definition of superobesity (=225% of ideal weight) 
in their reports of gastric restrictive operations. Each in- 
vestigator likewise noted a lower percentage of excess 
weight loss in the superobese despite greater weight loss 
in pounds versus the lighter patients. ’~!° 

The distinction between morbid obesity and superobe- 
sity can be justified on several grounds. First, the incidence 
of coexisting medical problems and overall health risk is 
substantially greater in the superobese.*° Second, the 
likelihood of successful weight loss in the superobese is 
significantly lower than in the lighter patients after con- 
ventional gastric restrictive operations.°® Hence, the dis- 
tinction between morbid obesity and superobesity could 
be used to justify controlled prospective trials of operations 
that combine gastric restriction with malabsorption with 
the goal of improving weight loss without increasing the 
postoperative complication rate. It seems clear that the 
heaviest patients must lose more weight to achieve a level 
that would represent a valid reduction in their actuarial 
mortality risk. 

The apparent paradox between differences in absolute 
quantity of weight loss and percentage of excess weight 
loss in superobese patients is readily explained by the cri- 
teria used to define successful weight loss after obesity 
operations. We have previously shown that the incidence 
of successful weight loss can be determined by both the 
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patients’ preoperative weight and the criteria used to define 
“success.”-’!! Our analysis affirmed that superobese pa- 
tients lose more pounds but stabilize at a significantly 
greater percentage over ideal body weight than do the 
lighter morbidly obese patients. Moreover, there were sta- 
ustically significant differences in the incidence of suc- 
cessful weight loss within the same group of patients that 
were solely determined by the criteria used to define “‘suc- 
cess.” Loss of 50% of the excess weight has been used as 
a criterion to define “success” in several previous reports 
of bariatric operations.”™!? Because the excess weight is 
the calculated difference between the ideal and preoper- 
ative weight, in the heaviest patients, excess weight loss 
is an intermediate outcome measure between weight loss 
calculated as a percentage of the preoperative weight versus 
a percentage above ideal weight. 

The National Institutes of Health (NIH) Consensus 
Development Panel on obesity surgery recently recom- 
mended use of the BMI rather than a quantity or per- 
centage of overweight in both preoperative patient selec- 
tion and in reporting postoperative results.'? The NIH 
panel established the minimum weight limit of “morbid” 
obesity at a BMI of 40 kg/m’. Bray’* has defined “obesity” 
at a BMI of at least 30 kg/m’, which closely corresponds 
to 20% above the median of the recommended midpoint 
weight range for height according to the 1983 Metropol- 
itan Life Insurance tables. Normal BMI has been calcu- 
lated in the range of 21.6 to 24.4 kg/m’, depending on 
frame size.!* Because BMI expresses the magnitude of 
overweight for height as a single number, the variability 
inherent 1n expressing weight loss in terms of percentage 
of the preoperative weight or excess weight is avoided. 

MacLean, Rhode, and Forse!® and Benotti et al.’ re- 
cently established a minimum BMI definition of super- 
obesity at 50 kg/m?.”!” The mean BMI at the point of 
maximum weight loss among superobese patients in the 
current study was 42 + 11 in RYGB-1 patients and 35 
+ 5 in RYGB-2 patients. Calculated BMI for patients who 
are approximately 50% overweight falls in the range of 
34 to 36.5 kg/m*. The BMI of 42 kg/m? recorded in 
RYGB-i patients at 18 months after operation corre- 
sponds to approximately 85% overweight and exceeds the 
BMI limit of 40 kg/m? that was recently established by 
the NIH Consensus Development Panel as the minimum 
definiticn of morbid obesity. Only 7 (16%) of the 45 pa- 
tients in the current series stabilized at a BMI less than 
or equal to 30 kg/m? (approximately 20% overweight), 
and only one reached a BMI of 25 kg/m? or less (normal 
weight) at the nadir of weight loss. These BMI data pro- 
voke the question of what are realistic and worthwhile 
weight loss goals for superobese patients after gastric re- 
strictive procedures. It is probably unrealistic to expect 
that patients with a preoperative BMI of 50 kg/m? or 


394 


greater should reach a BMI of less than 30 kg/m? after 
weight stabilization. 


Combining Gastric Restriction With Malabsorption 


In 1976, Scopinaro et al.'® introduced biliopancreatic 
bypass (BPB), which combines a modest amount of gastric 
restriction with intestinal malabsorption. This group’s 
early technique included transection of the small bowel 
at its midpoint and anastomosis of the proximal ileum to 
a 400-mL capacity gastric remnant after the distal stomach 
was removed. The jejunum is totally excluded from 
digestive continuity with the distal end anastomosed end- 
to-side to a “common channel” of ileum at a point 50 
cm proximal to the ileocecal junction. The goal of bilio- 
pancreatic bypass was to provide temporary limitation of 
food intake caused by rapid emptying of the gastric rem- 
nant in conjunction with persistent malabsorption selec- 
tive for fat and starch due to diversion of biliary and pan- 
creatic secretions into the distal ileum.!°!’ Scopinaro et 
al. initially tested BPB in dogs and found that a 20-cm- 
long common tract consistently produced diarrhea, hy- 
poproteinemia, and electrolyte imbalance, whereas a 35- 
to 40-cm-long common tract did not produce these se- 
quelae.'’ Dogs with a 40-cm-long common channel, 
however, had a 35% weight loss and a 40% or greater 
increase in fat excretion versus control animals. Scopinaro 
and colleagues have subsequently modified their original 
operation by further reducing gastric capacity to approx- 
imately 200 mL in superobese patients (the so-called very 
little stomach modification) and have lengthened the 
common channel in less obese patients to decrease the 
incidence of malabsorption-related sequelae.!® 

Although weight loss with the Scopinaro group’s BPB 
bypass has been excellent, it occurs at the expense of a 
variety of serious postoperative complications. Major 
perioperative complications have been reported in 8% to 
10% of patients after BPB, including a mortality rate of 
between 1% and 2%.!©!® The incidence of major metabolic 
complications during the first postoperative year has been 
alarmingly high, and includes a 30% incidence of anemia, 
a variety of vitamin and mineral deficiencies, and a 20% 
incidence of hospitalization for treatment of protein-cal- 
orie malnutrition.'© Sugerman et al.'? recently reported 
preliminary results of a prospective comparison of BPB 
with conventional RYGB in superobese patients.!? Their 
25 BPB patients had a 50% incidence of serious postop- 
erative complications and metabolic sequelae, including 
two deaths. One of these deaths resulted from hepatic 
failure. Although weight loss at 1 year was significantly 
greater after BPB in comparison with conventional 
RYGB, Sugerman et al. concluded that the incidence and 
severity of complications after BPB was too great to justify 
its use as a primary operation for treatment of patients 
with superobesity. 
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The RYGB-2 modification of gastric bypass used in 
the current study differs substantially from the Scopinaro 
et al. BPB in that only 30 cm of small bowel is totally 
excluded from digestive continuity. This technique was 
designed to induce greater malabsorption of dietary fat 
without producing the protein malabsorption or clinically 
overt malnutrition that have been associated with the 
Scopinaro group’s operation. Because mean calorie intake 
was consistently greater in RYGB-2 versus RYGB-1 pa- 
tients, the superior weight loss in the RYGB-2 group may 
be attributed to greater fat malabsorption resulting from 
more distal diversion of bile and pancreatic secretions in 
the functional digestive tract. Unfortunately, our inability 
to measure fecal fat after operation coupled with the ab- 
sence of an on-site clinical research center precluded ver- 
ification of the fat malabsorption hypothesis. As an af- 
terthought, we measured serum carotene levels in many 
of these patients. Although serum carotene levels in both 
groups were in the low normal to subnormal range, lack 
of parallel collection of samples throughout the entire 
study did not permit valid comparison of these data. 


Risk-Benefit Analysis 


A valid analysis of any obesity operation probably re- _ 
quires. postoperative follow-up of at least 5 years. The 
pitfalls of assessing the effectiveness of operations with 
only 2 or 3 years’ follow-up were clearly demonstrated by 
both jzjunoileal bypass and horizontal gastroplasty in the 
early era of bariatric surgery. Hence, the results of this 
prospective series could be considered somewhat prelim- 
inary. Although the mean 43-month follow-up period is 
probably sufficient to validate the difference in weight loss 
between these two modifications of RYGB, there was a 
simila> pattern of recidivism in RYGB-1 and RYGB-2 
patients after weight stabilization. The loss of statistical 
significance in weight loss between the two groups at 48 
months after operation was due to both the smaller num- 
ber of patients followed at this interval and the fact that 
two of the most successful RYGB-1I patients were among 
the six patients in that group who were evaluated at 48 
months. Weight loss maintenance in both groups was re- 
lated to postoperative calorie intake in that recidivism 
generaly occurred when calorie intake exceeded 1500 
calories per day in women and 1800 calories per day in 
men. The lack of statistically significant differences in cal- 
orie intake between the two groups after 6 months fol- 
lowing operation is primarily due to the large variation 
in daily calorie intake recorded among individual patients 
in both groups with longer postoperative follow-up (Fig. 
4). Most of these added calories were in the form of either 
high-calorie liquids, soft junk food, or both, rather than 
as larger portions of mealtime foods. Patients who con- 
sciously restricted their intake of high-calorie liquids and 
soft jurk food invariably maintained their weight loss. 
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Improvement of both coexisting medical problems and 
general lifestyle were dramatic among patients who lost 
substantial amounts of weight. The 90% incidence of im- 
provement or resolution of medical problems in these 
patients was substantially greater than the incidence of 
successful weight loss, per se, in that 15 patients (33%) 
did not lose at least 50% of their excess weight. Moreover, 
there was virtually no regression of improved or resolved 
medical problems in patients who maintained satisfactory 
weight loss for the duration of the study. Conversely, im- 
provement of medical problems was limited or transient 
in several patients who did not lose 50% of their excess 
weight. These results suggest that 50% excess weight loss 
is a useful measure of success in superobese patients, de- 
spite the fact that many of these patients remain 50% 
overweight after stabilization. 

The 4.4% early complication rate in the current study 
compares favorably with the incidence of early postop- 
erative complications reported by other surgeons in un- 
selected series of gastric bypass patients. ””?? This com- 
plication rate is also similar to the early morbidity rate 
previously reported in our lighter bariatric surgical pa- 
tients.» Conversely, the 13% incidence of late incisional 
hernias in the current series is nearly twice as high as the 
incidence of postoperative hernias in our lighter bariatric 
patients. The 73% incidence of postoperative vitamin and 
mineral deficiencies in this study is somewhat higher than 
the overall incidence of these deficiencies previously re- 
ported in patients after conventional RYGB.”!* There is 
evidence, however, suggesting that the incidence of these 
metabolic deficiencies increases with longer follow-up after 
conventional RYGB.” There was no difference in the 
incidence of postoperative metabolic deficiencies between 
RYGB-1 and RYGB-2 patients. All of the postoperative 
vitamin and mineral deficiencies in this series were man- 
aged on an outpatient basis. Only two patients required 
injections rather than oral supplements. Patient noncom- 
pliance in regularly taking multivitamin supplements and 
in returning for scheduled follow-up visits contributed to 
the development and progression of many of these defi- 
ciencies. 

In summary, this prospective study shows that gastric 
restriction combined with a modest degree of biliopan- 
creatic diversion resulted in significantly greater postop- 
erative weight loss in superobese patients than did con- 
ventional RYGB. Because only 30 cm of jejunum is ex- 
cluded from the functional digestive tract, protein-calorie 
malnutrition and persistent diarrhea were not observed 
after the long-limb modification of RYGB. It appears that 
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this long-limb modification of RYGB poses no greater 
risk of complications than the conventional technique. 
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= Positions Available 


VIRGINIA: General/Vascular Surgeons sought for sev- 


eral practice opportunities from the mountains to the coast. 
_ Solo and group practices. FEATURED OPPORTUNITY: 

Join General Surgeon in his established practice in Ches- 
apeake Bay community. Only 1 1/2 hours from Washing- 


ton, D.C. and easy commute to Richmond. Contact: 


Bonnie Jefferson, AM Care Physician Search, Depart- 
ment J, P.O. Box 2816, Durham, NC 27715. 800-477- 
0600. ' 


NORTH CAROLINA: Excellent opportunity to practice 
in community just twenty-five minutes from metropolitan 
Greensboro/Winston-Salem area. Major universities at 
your doorstep! Vascular Surgery is optional. Affiliation 
_ ° with 152-bed modem facility. Contact: Bonnie Jefferson, 
AM Care Physician Search, Department J, P, O. Box 
2816, Durham, NC 27715. 800-477-0600. 


JOIN US IN WISCONSIN — You are a BC/BE General 


Surgeon looking for it all. You want a big town practice in ` 


a small town... You want the financial security of a large 
group but the autonomy of a small group.... You want to 
be able to do broad-based surgery in a small town and 
enjoy staff privileges at a major tertiary care center, min- 
utes away, with cutting edge surgical resources at your 
-disposal. ‘We are a group of 8 physicians in a clinic setting 
adjoining Apple River Hospital. We are an autonomous 
clinic connected with a 200+ physician group. We practice 
very high quality medicine and enjoy a fine standard of 
living and top drawer benefits. Please Call or write - David 


GENERAL SURGERY - General Surgeon with addi- 
tional interest and/or subspecialty training sought to join 
five member General Surgery ‘Department of a major 


, regional multispecialty clinic in Billings, Montana. 90 


physician group includes all specialties and is adjacent to 
an outstanding tertiary care referral hospital. Excellent 
professional opportunity for a top notch BE/BC General 
Surgeon seeking a challenging practice in a geographic 
azea which offers unlimited recreational potential. Those 
interested send CV to: Ann B. Oglesby, M.D., M.B.A., 
Medical Director, Billings Clinic, P.O. Box 35100, Bill- 
ings, Montana 59107-5100. 





GENERAL/COLORECTAL SURGEON: The Depart- - 
ment of Surgery at East Carolina University School of 
Medicine is seeking a Board Certified or Board Eligible. 
surgeon for the practice of General and Colorectal surgery. 
Tne position is open at the Assistant Professor level. 
Applicants should have experience in surgical research ` 
and a strong interest in teaching. Interested applicants 
st.ould respond to: K.G. MacDonald, Jr., M.D., Chief of 
Gastrointestinal Surgery, Department of Surgery, East 
Carolina University School of Medicine, Greenville, 
North Carolina 27858. Current references must be pro- 
vided on request. Applicants must comply with provision 
of the Immigration Reform and Control Act. East Carolina 
is an Equal Opportunity/Affirmative Action University. 


GENERAL SURGEON/MILWAUKEE - Highly suc- 


cessful staff model HMO seeks a BC/BE general surgeon 
for an internal department of general and vascular surgery. 
Competitive salary and benefits. Please reply: Kenneth 
Scher, M.D., F.A.C.S., Family Health Plan, 11524 W. 
Theo Trecker Way, Milwaukee, WI 53214, (414) 256- 
5691. 





GENERAL SURGEON - BC/BE General Surgeon with 
strong training in vascular surgery wanted to join a busy, 
well established group of seven. Physician will join large 
multispecialty group of 270, representing over 45 special- 
ties. Main Clinic is adjacent to St. Luke’s Hospitals, a 400 
bed tertiary center and designated Trauma Center. Metro- 
politan community of 130,000 in the upper midwest offers 
an attractive life style for families. Excellent public and 
pacochial schools. Two universities and a private liberal . 
arts college offer many added amenities. Affiliation with 
U.N.D. Medical School and Surgery Residency program 
available. Please respond with full curriculum vitae to 
Terrence Grimm, M.D., 737 Broadway, Fargo, ND 
58123 or call 1-800-437-4010. 


A well-established general surgery group practice 
seeks a fourth well-trained general surgeon; an interest in 
trauma, colo-rectal, or vascular surgery would be desir- 
able. Become an integral part of this rapidly expanding 
practice. Enjoy excellent community teaching hospital 
facilities in a scenic coastal New England area easily 
accessible to Boston. Highly competitive compensation 
package. Please contact: Jeanne Dowrick, Fulton, Long- 
shore & Associates, Inc., 527 Plymouth Road, Suite 
410, Plymouth Meeting, PA 19462. Telephone: 800- 
346-8397, o 





GENERAL SURGEONS: NC, SC, PA, IN, IL, MI, CA, 
FL. NATIONWIDE. VASCULAR SURGEONS: GA, FL, 
PA. CA, AZ, NY, NATIONWIDE. ONCOLOGY SUR- 
GEONS: PA. Dr. Goodman, 5600 Executive Ctr Dr., Ste . 





The Genuine Southern Surgeon 





Y FELLOW MEMBERS of the Southern Surgical 

Association, to serve as your president is an 

honor I cherish. I know that in choosing me, 
it was not the intention of the council to praise an indi- 
vidual, but rather to reward a loyal member whose affec- 
tion for the association is obvious and whose membership 
in the association is regarded as a privilege. I thank the 
council for this opportunity. 

A majority of the founding members of the Southern 
Surgical Association (originally the Southern Surgical and 
Gynecological Association) served as medical officers in 
the Confederate Army. However, with the exception of 
‘two generic papers presented by Bedford Brown (one on 
the treatment of gangrenous wounds and the other on 
stab wounds of the peritoneum), in which he inclusively 
mentioned some of his experiences during the Civil War, '? 
surprisingly, no papers on surgery during the Civil War 
have been presented at meetings of this association. The 
exact reasons for this are unknown; however, maybe they 
wished to forget that holocaustic experience, or they had 
no reason to recall their surgical experiences because little 
was accomplished. It is likely that both factors were con- 
tributory. To be able to forget the War Between the States 
would have been a blessing. To quote Lincoln,’ “It was 
terrible to both the North and the South. It was terrible 
in its magnitude, in its persistence, in its ferocity, and in 
its cost of human life.” More American lives were lost in 
the War Between the States than in all other conflicts in 
which our country has ever been engaged. If the popu- 
lation of our country at the time of the Civil War were 
compared with that of modern times, the loss would be 
even greater proportionally. An estimated 620,000 lives 
were lost: 360,000 Union soldiers and 258,000 Confed- 
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erate soldiers. The chance of a soldier returning home was 
less than one in four. 

Never has a period in American history aroused such 
interest, attested to by historians who have written more 
about the Civil War than about any other period. Amer- 
icans have read more books about these 4 years than about 
allthe rest of American history. More than 50,000 books 
have been published, and countless letters, diaries, novels, 
histories, memoirs, biographies, narratives, poems, scripts 
for stage and screen, and music have been written. Al- 
though most of the writings are devoted to heroism, sac- 


_ riĥce, and bravery, nearly an equal amount describe the 


anguish, squalor, and suffering. Having witnessed the 
norrors is ample reason for the early members of our as- 
sociation not to have desired recall for scientific publi- 
cation. Family fought against family, friend against friend. 
Thousands of Southerners fought for the Union, and 
thousands of Northerners fought for the Confederacy. It 
was truly a war that divided not only states, but also fam- 
ilies and friends. The tragedy of the war is probably best 
described by Allan Nevins in his book The War for the 
Union": 


We have lost not only these men but their children and their 
children’s children . . . we have lost the books they might have 
written, the scientific discoveries they might have made, the inven- 
tions they might have perfected. Such a loss defies measurement. 


Conversely, medical advances are often spurred by 
wars. New concepts and improvement of surgical tech- 
niques and instrumentation have resulted; however, in 
the Civil War there were no discoveries and little was 
added to the existing medical knowledge. The state of the 
art and science of medicine was at a low ebb in 1860 at 
the beginning of the war. The discovery of Pasteur and 
associates and the techniques of Lister that completely 
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revolutionized medical and surgical practice were un- 
known; hence, the live-saving management of wounds 
and the diagnosis and prevention of most diseases were 
denied the Civil War soldier. The problems and challenges 
of the doctors of the Confederate Army and Navy were 
astronomical. Only a few had experience in military med- 
icine and surgery. Most had obtained training in the offices 
of old practitioners who served as preceptors. However, 
many of the younger doctors had attended medical schools 
that usually were connected with a college. Most of the 
established medical schools were in the North, and schools 
such as the University of Pennsylvania, Jefferson Medical 
College, Harvard School of Medicine, and University of 
New York attracted many Southern students. As the 
Southern population expanded, and as part of a move for 
Southern independence, medical schools were formed. 
The first such school was the Medical College of South 
Carolina located in Charleston in 1824, and by the time 
the first shot was fired on Fort Sumter, there were 21 
medical schools in the Southern states. 

On February 26, 1861, a provisicnal congress of the 
confederate states at Montgomery, Alabama, authorized 
the establishment of a medical department of the army. 
It provided for one surgeon general, four surgeons, and 
six assistant surgeons. The surgeon general was to have 
the rank of colonel, surgeons the rank of major, and as- 
sistant surgeons the rank of captain. Medical officers were 
given authority to exercise command only in their own 
departments.” President Jefferson Davis vetoed the bill, 
but as the war progressed, it became obvious that it was 
to be a long war, and he was empowered to appoint a 
provisional army of as many surgeons and assistant sur- 
geons as deemed necessary. Not until April 1863 did he 
and the Congress realize the need for a medical depart- 
ment. He then appointed 10 medical inspectors charged 
with supervising hospital and camp sanitation and gave 
them full authority, allowing them to reorganize into a 
medical department. Eventually there were 18 surgeons 
serving as medical directors in the field and supervising 
the work of the medical officers. There were also eight 
medical directors of hospitals, six field medical inspectors, 
and seven medical inspectors of hospitals. Each command 
engaged in combat was to have one surgeon and two as- 
sistant surgeons. Ultimately, an estimated 3400 physicians 
served in the Confederate Medical Corps. The Union 
counterpart enrolled 11,700, or approximately one doctor 
for every 133 Northern soldiers, as compared with one 
doctor for every 324 Southern soldiers.° 

The loyalty and fierce patriotism of the Southern doc- 
tors inspired most doctors to put aside their professional 
status and enroll as combat soldiers. Because the individ- 
ual seceding Southern states and Confederacy did not have 
a medical department at the beginning of the war, more 
doctors saw combat duty in the South than in the North. 
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It is estimated that the number of physicians who served 
as combat soldiers equalled the number who served in 
the medical department. Six physicians rose to the rank 
of g=neral in the Confederate Army, all six serving as 
combat officers.’ No physician attained the rank of general 
through the Confederate Medical Department. Although 
the Confederate Surgeon General, Samuel E. Moore, car- 
ried out his duties with the relative rank of a brigadier 
general, there is no report of his being conferred this rank 
by the Confederate legislature.® 

The great task before the Confederate Medical Corps 
is illustrated by the fact that nearly 4,000,000 cases of 
diseese or wounds were treated, which translates to every 
Con-zederate soldier having fallen victim to disease or 
wounds an average of six times during the war.’ The doc- 
tor-t3-soldier ratio was less than one half that of a modern 
armv.'° The Confederate Army was handicapped not only 
from the standpoint of manpower but also from the lack 
of dnigs, pharmaceuticals, surgical instruments, supplies, 
food and even books. In antebellum years, drugs, instru- 
men-s, and texts were all supplied by Northern cities. 

The overall medical responsibility for a brigade or di- 
visloa was assumed by the surgeon. Once he learned from 
the commanding officer where the troops were to engage 
in bettle, he chose the site for the field hospital, usually 
behind a natural obstacle for shielding from hostile fire. 
The assistant surgeon would be placed between the regi- 
ment and the field hospital. At the front, the assistant 
surgeon provided first aid, which consisted chiefly of con- 
trolliag hemorrhage, splinting fractured limbs, and ad- 
ministering pain killers, which sometimes was morphine 
or opium, but more often was only brandy or whiskey. 
He would send the wounded from the front on stretchers 
or by ambulance to the field hospital. The rude ambul- 
ances were usually springless farm wagons that severely 
joltec the wounded as they were drawn by mules through 
uneven or wooded terrain or on roads badly rutted by 
artillery and supply trains. If able to undertake the journey, 
the wounded Southern soldier often preferred to walk to 
the field or regimental hospital than to go by ambulance, 
were any available. 

Nearly 200,000 Confederate soldiers were wounded, of 
which 94,000 died in battle. The minié ball was respon- 
sible zor 94% of the injuries; shells and canisters caused 
only 6%.'' The minié ball (Fig. 1), a cylindro-conical rifle 
bullet named for its inventor, Captain Claude Etienne 
Minié of France, produced a vicious wound. Unlike the 
bullets of today, which are made of steel and travel at 
such nigh speeds that they pierce through the body with 
a nice neat hole, the minié ball with its relatively low 
velocity would tumble in its course through the body, 
dragg-ng with it pieces of clothing and ‘debris. 

Wcunds of the extremities accounted for almost 65% 
of all wounds; one half involved the upper extremity and 
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FIG. 1. Minié ball. 


one half involved the lower. Confederate soldiers suffered 
25,000 amputations from these wounds. Reports of deaths 
from amputations varied between 20% and 87%, with an 
average of 30%.*!? The mortality rate from delayed or 
secondary operation was double that of primary operation. 
Gunshot wounds of the abdomen, particularly those pen- 
etrating the viscera, were regarded as certainly fatal. Except 
when necessary to return viscera, no operation was at- 
tempted; all the surgeon could do was to administer opium 
and whiskey. Penetrating wounds of the chest were fatal 
in 62% of cases. Empyema was the primary complication 
and was treated by open drainage or insertion of drain 
tubes.'*> Whether the gaping chest wound should be her- 
metically sealed or left open was controversial. 
Operations were performed on any available flat sur- 
face, usually a door laid across barrels or boxes. The an- 
esthetic agent used by the Confederate medical officer was 
almost exclusively chloroform, which had an advantage 
over ether because of its small bulk, because it was non- 
inflammable, and because of its speedy action. It was 
dropped on a sponge, handkerchief, or cotton cloth and 
given sparingly to preserve the supply. The patient was 
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awake by completion of the operation. Because speed was 
the most important factor in survival, the patient ob- 
viously received very little anesthetic; hence the operative 
death rate was inordinately low (only one per 2000 op- 
erations). At a national medical meeting some years after 
the war, Dr. Hunter McGuire reported that chloroform 
had been administered in hospitals over 40,000 times un- 
der his supervision without a single death.'* The supply 
of this important agent to the Confederate Medical Corps 
was greatly enhanced when, during the Winchester Battle 
in May of 1862, Stonewall Jackson’s men captured Union 
supplies and made off with 15,000 cases of chloroform. 

The ideal placement of the operating tables was in open 
air wherever the light was best, whether from the blazing 
sun or a silvery moon. During the vicious battles, the 
constant stream of amputations would proceed through 
the night, the surgeons operating by moonlight or lantern. 
The surgeon would stand with his sleeves rolled up, his 
apron smeared with blood, cleaning his knife on the sole 
of his boot or holding the knife in his teeth while his 
hands were otherwise occupied. Stories have recounted 
surgeons who would work hour after hour, and when un- 
able to endure any longer, would break down and cry. 

Experience from the Crimean War dictated that early 
amputation could lower the mortality rate from severe 
wounds of the extremity.'? Chisholm, in his 1861 “Manual 
of Military Surgery for the Use of Surgeons in the Con- 
federate States Army’’,’® asserted that “All needful op- 
erations must be performed within 24 hours or the 
wounded would suffer from neglect.” Many young doc- 
tors, anxious to become proficient in amputation, were 
overzealous in performing the operation; hence. it was 
not uncommon to see wounded men hide from the op- 
erating surgeons to save limbs condemned to amputation. 
This great propensity for chopping off limbs stimulated 
the Surgeon General in August 1863 to form a consul- 
tation board that had the power to approve every major 
operation if time allowed. 

Surgeons were taught that extraction of the bullet for- 
eign body was vital to the care of wounds. Simple and 
elegant bullet probes and extractors were developed. Por- 
celain probes were believed to distinguish lead bullets from 
tissue and other foreign bodies. Surgeons also were taught 
that the finger was the best probe; however, the searching 
finger with its contamination was often the cause of the 
patient’s death. 

Once the bullet was removed, steps were taken to con- 
trol bleeding. The use of ligatures and the skill in their 
application was an advance in surgical technique learned 
by the Confederate surgeon. The ends of the ligature were 
customarily allowed to protrude from the open stump of 
the amputation. On the third or fourth postoperative day, 
when the ligated vessel necrosed, secondary hemorrhage 
frequently occurred. Three quarters of those who died in 
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battle died as the result of hemorrhage, whether primary 
or secondary. 

Many battles were fought far from a metropolitan area. 
Because the number of casualties was so great, available 
surgeons were few, and hospitals were nonexistent, the 
result was disastrous. For example, at Shiloh, a Confed- 
erate army of 44,699 suffered 8012 wounded, and there 
were no hospital facilities within 100 miles. 

After the battle, the first order of business was to sort 
out those who could be saved from those who could not; 
for instance, a man shot in the head or spine was beyond 
help. Such wounded were merely placed in orderly rows 
and left to the resources of nature (Fig. 2). After many 
great battles, the battlefield as well as the roads to and 
from the battle site were lined with wounded in all stages 
of misery, groaning and crying and begging for water, 
whiskey, or food, and pleading for surgeons to come to 
their attention. Many were delirious, shouting out battle 
cries or calling for friends; some would even beg to be 
shot to escape their miserable condition.'' The horror was 
compounded by the inadequacy of resources available to 
help them. 

The Civil War surgeon lamentably knew nothing of the 
doctrine of sepsis and the proper use of antiseptics. Al- 
though antiseptic agents had been recognized in advance 





FIG. 2. Surgeon and triage of the wounded. 
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of the war, Lister’s first article on antisepsis was not pub- 
lished until 1867, a couple of years after the war ended. 
The importance of sterilization or even rudimentary 
cleaning of instruments and wounds had not been estab- 
lished.” 

Physicians of that time theorized that healing from lost 
tissue was based on inflammatory reaction; therefore, the 
surgeon’s aim was to promote suppuration in the form 
of a creamy pus, referred to as laudable pus, that appeared 
in wounds healing by secondary intention. The appear- 
ance of laudable pus on the third or fourth day was viewed 
with satisfaction, and in some locations after battle, the 
air was heavy and nauseating with its odor.''’ The Con- 
federate surgeon did use disinfectants, such as the chlo- 
rides, carbolic acid, permanganate of potash, turpentine, 
and powdered charcoal, not for their antiseptic effect, but 
as deodorants to control the offensive odors. 

Dressings for the wounds were obtained by diverse 
means. Cotton factories were the major source, and the 
women of the South furnished sheets, bedspreads, skirts, 
and other worn goods. When sponges became scarce, cot- 
ton rags were used, sometimes over and over again. The 
dressings and bandages that were passed from one patient 
to another were cleaned by boiling, which serendipitously 
produced a sterile dressing. Silks for ligatures were un- 
available, but the Southern surgeons improvised, em- 
ploying cotton or flax threads, and even horse-hair, which 
was boiled to render it soft and pliant, producing another 
accidental aseptic product. 

Gangrene, tetanus, erysipelas, and pyemia, the so-called 
surgical fevers, were primarily responsible for the delayed 
deaths among the wounded. As mentioned, surgeons of 
the day believed in “a laudable pus” and were astonished 
when an occasional wound healed without it.'* Hospital 
gangrene usually occurred in the lower extremities. The 
patients were in acute pain with cold sweats and had nau- 
seous, putrefying wounds. Little was known of gangrene 
before the war. Hospital gangrene, as it was called, in- 
cluded a wide range of infections, a combination of 
aerobes and anaerobes, such as Streptococcus combined 
with anaerobe gram-negative bacteria. First appearing in 
June of 1862 and progressively increasing throughout the 
war,'' hospital gangrene usually occurred in crowded 
camps and hospitals facilitated by extreme fatigue, 
depression, exposure to the elements, or insufficient food. 
The prevalence of the disorder is understandable, consid- 
ering the lack of knowledge of antisepsis and the unsan- 
itary conditions of the camps and hospitals. It is ironic 
that during the course of numerous detailed microscopic 
examinations of pus from gangrenous wounds, Dr. Joseph 
Jones saw the bacillus responsible for gangrene but dis- 
missed any connection between the bacillus and the in- 
fection.'? “Animalcules of simple origin and endowed with 
active rotary action abound in hospital gangrene.” “The 
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gangrenous matter,” he postulated, “appeared to afford 
a nidus in which the simple forms of animal and even 
vegetable life are rapidly generated and multiplied.” Jones’ 
failure to connect the bacteria he observed with gangrene 
is easily understood considering that the miasmatic theory 
of disease, defined as “‘nocuous effluvium that emanated 
from the cold dark ground,” was still firmly entrenched 
in America during the Civil War. The Confederate med- 
ical officer did his best to control the various surgical in- 
fections, and eventually a great premium was placed on 
cleanliness, proper ventilation, and a nutritious diet. The 
outbreak of gangrene caused some hospitals to be com- 
pletely closed until they were thoroughly cleansed with 
disinfectants and whitewashed. 

An inefficient induction system failed to reject the unfit 
and disease-prone from active service. Recruits were lucky 
to have received any semblance of a physical examination. 
Tales of women successfully enlisting as men testify to 
the inadequacy of initial screening. Recruits from rural 
districts, unlike those from cities, had not experienced 
communicable infantile diseases, and failure to include 
the available smallpox vaccine as a standard part of the 
induction procedure resulted in alarming outbreaks during 
campaigns. 

Nearly 200,000 Confederate soldiers died from illness, 
three times more than from battle casualty. Armies were 
literally rendered inefficient or were destroyed, not so 
much by the actual fighting as by the steadfast action of 
disease. Because there was no knowledge of bacteriology 
and the relationship of bacteria to disease, there was an 
absence of preventive medicine. Most of the afflictions 
were attributed to the miasma. Thus, in the early portion 
of the war, hospital windows were left closed, pus was 
expected to collect in devitalized tissue, and contaminated 
dressings were passed from one patient to another when 
the previous owner either recovered or died. 

The major diseases that affected the Civil War soldier 
were infectious. Typhoid or camp fever accounted for 28% 
of the deaths. The camp was more hazardous than the 
battlefield, and because more time was spent in camp 
than in combat, more deaths occurred from disease than 
from battle. Most camps were an accumulation of filth, 
the odor of which could be detected from great distances. 
It was not uncommon for two thirds of a field regiment 
to be on sick call.” Poor sanitation was the rule. Latrines 
were in close proximity to cooking areas. The importance 
of sewerage, garbage, animal offal, manure, and dead horse 
and mule disposal; of insect and rodent control; and of 
food and water protection and purification was largely 
unknown. 

Shoes were scarce, and as tents became less available 
with the progression of the war, soldiers were exposed to 
adverse weather conditions. Food was inadequate, par- 
ticularly in view of the extra physical demand of exhaust- 
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ing marches and combat action. Historians describe the 
soldiers as being cadaverously thin. As the war progressed, 
the diet of the Southern soldiers worsened. By the middle 
of the conflict, they made do with ant-infested corn meal 
and horse meat, but by the final days of the war, the troops 
were reduced to eating fried dog, boiled cat, and roasted 
wharf rats."! 

Typhoid fever progressively diminished during the war, 
and chronic diarrhea and dysentery progressively in- 
creased. If typhoid was the great killer, dysentery and 
diarrhea was the great nuisance, affecting 78% of the sol- 
diers annually. This bothersome and potentially life- 
threatening malady was called dysentery when tenesmus 
was accompanied by blood in the stool, or diarrhea if 
blood was not present.”! Deaths from disease were fewer 
when the troops were campaigning or in battle than when 
they were in stationary encampments. Likewise, diarrhea 
and dysentery was less of a problem when the troops were 
on the move, because then the water supply was new al- 
most every day and was less likely to have been contam- 
inated by the men themselves. Privies in the camps were 
often established over water, thus polluting the water sup- 
ply, a practice that was partially responsible for the mor- 
bidity and mortality rates from diarrhea and dysentery. 
Regulations eventually dictated that latrines were to be 
established at a distance, and men were compelled to use 
them under penalty. Because of the inconvenience of 
traveling to distant latrines, however, the soldiers, and in 
particular the “country boys,” used the camp site. Also, 
penalties were rarely imposed. 

The treatment of diarrhea and dysentery was varied 
and nonspecific and in many instances harmful. Some 
physicians popularized cauterization of the lower 6 inches 
of the rectal mucosa. 

Malaria ranked second to diarrhea in producing dis- 
ability. Although more prevalent among Southern troops, 
it was more fatal to the enemy, probably because of 
Southerners’ previous experience with the disease.'!® The 
Confederate medical service used quinine as a prophy- 
lactic measure against malaria, but scarcity of the drug 
soon prohibited its use. Not infrequently, entire army de- 
partments were completely incapacitated. For example, 
in the Department of South Carolina, Georgia and Flor- 
ida, with a strength of approximately 75,000 men, 41,000 
cases of malaria were reported between July 1862 and 
July 1863. In other areas, as many as 80% of personnel 
were afflicted at one time.” 

A myriad of contagious and noncontagious diseases 
were encountered, such as streptococcal infections (es- 
pecially a wound infection), typhus, pneumonia, diph- 
theria, smallpox, tuberculosis, and “rheumatism,” a term 
used for any joint or extremity pain. 

One of the tragic aspects of Confederate medicine was 
that most of the deaths would have been entirely pre- 
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ventable or curable by present-day knowledge and facil- 
ities. Soldiers died of conditions over which the Confed- 
erate medical officer had no control. They died because 
of exposure; because of inadequate food; because of lack 
of clothing, tents, blankets, medicine, and drugs; but 
mostly they died because of the lack of knowledge of the 
cause of illness and the proper management of wounds. 
Only in the North were drugs produced, and the blockade 
effectively prevented all drugs from getting to the South. 
The “Trading with the Enemy Act” of 1865, enacted by 
the Union, essentially prevented the South from obtaining 
drugs and equipment. Some of the doctors in the North 
suggested that medicinal agents be removed from the 
contraband list; however, when the proposal was presented 
to groups such as the American Medical Association, most 
of the doctors heckled and hissed. At the onset, the South 
had no pharmaceutical plants, and as a result, the Surgeon 
General ordered the establishment of facilities in Mobile, 
Charleston, Columbia, and Augusta. Although some drugs 
were manufactured, such as alcohol, silver nitrate, potas- 
sium, iodine, and ether, supplies were limited and many 
other kinds were needed. Opium, morphine, and quinine 
had to be smuggled in. 

Indigenous substitutes became the hallmark of Con- 
federate medicine. Surgeon General Moore commissioned 
Dr. Francis P. Porcher to publish a book entitled Re- 
sources of the Southern Fields and Forest as a help for 
obtaining local drugs unable to be secured because of the 
blockade.” Cucumbers were used for burns, pokeweed 
for camp itch, geraniums for diarrhea, persimmons for 
dysentery, and charcoal for diphtheria. A tincture of a 
compound of willow, dogwood, and yellow bark, appro- 
priately called “old indigenous,” was used as a substitute 
for quinine. Efforts were made to cultivate the poppy in 
Florida and North Carolina, whose unique seed capsules 
yield a gum with an effect not unlike Turkish opium.” 
Union hospitals were able to get all the drugs they wanted. 
Private firms, which have remained as giants in the phar- 
maceutical world today, included Edward E. Squibb, John 
Wyeth, McKesson & Robbins, and Charles Pfizer and 
Company. 

Added to the problems encountered by the Confederate 
surgeon in practicing medicine was the low status of the 
doctor compared with field officers. The legal position of 
medical officers was poorly defined, and regimental sur- 
geons were directly subordinate to field colonels. More- 
over, when medical supplies, personnel, and transporta- 
tion services were inadequate, which was the usual, sur- 
geons had no control over procurement. 

Battlefield promotions and other rewards were won by 
the fighting men; however, regardless of their risks and 
work, the field surgeons would receive no more than a 
passing notice. The death rate among Confederate doctors, 
both from enemy action and from disease, was higher 
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than that of any other staff corps. Statues of generals are 
in every town, and every village has its statue to a private 
soldier, but no state or national monument is dedicated 
to the Confederate surgeon. At Gettysburg, every battery 
site is marked with a recording tablet; every general who 
died is remembered in bronze or marble; but not a single 
notice of the surgeons who died can be found.”° 

The only individual to be executed for alleged war 
crimes during the Civil War was a doctor. A doctor by 
preceptorship, employed on Marshall Plantation at Mil- 
liken Bend, Louisiana, immediately before the war, Henry 
Wirz was commander of the prison at Andersonville, 
Georgia. During the Civil War, prisons were factories for 
disease and death, both in the South and the North.”° 
Grant stopped the practice of exchanging wounded pris- 
oners in 1864 to increase the burden on Lee’s limited 
resources.” After the war, the Adjutant General of the 
US Army reported that 19,600 Confederates died in 
Union prisons and 26,168 Federals died in Confederate 
prison.'' Undoubtedly, the conditions at Andersonville 
Prison were deplorable. The stockade was overcrowded. 
With a capacity for fewer than 10,000 prisoners, the num- 
ber imprisoned grew to over 33,000, for an average space 
of only 36 square feet per prisoner.” Thus, even basic 
sanitary conditions could not be obtained. The decision 
to prosecute Dr. Wirz for the horrors of Andersonville 
placed Dr. Joseph Jones in an uncomfortable position, 
for he feared that the research he had done among the 
Union soldiers at Andersonville would be construed as 
documented evidence of Confederate atrocities. He stated, 
“The report of the Federal prisoners at Andersonville 
should never see the light of day, because it was prepared 
solely for the eyes of the Surgeon General of the Confed- 
erate States Army; and the frank manner in which the 
subject had been discussed would only engender angry 
feelings and place weapons in the hands of the victors.” 
His worst fears materialized. Without any warning, Dr. 
Jones was ordered to report to Washington to Colonel 
Norton P. Chipman, Judge Advocate and Prosecuting 
Attorney in Captain Wirz’s case, as a witness in the trial 
and to take with him all papers, reports, and recordings 
pertaining to the Andersonville Prison. At the trial of 
Captain Wirz, when Jones was questioned, he was sur- 
prised and dismayed that his 600-page report had been 
reduced to a mere 20 pages and that the material con- 
taining explanation for the dreadful conditions at Ander- 
sonville had been left out. He considered the abstract 
to be a most unfair and garbled statement. Although in 
the opinion of Dr. Jones and many others Dr. Wirz did 
the best he could with what the Confederacy provided, 
the aroused postwar attitudes of many victorious North- 
erners demanded that the rebellious South be punished. 
Neither Jefferson Davis nor Robert E. Lee nor any other 
well-known Southerner, however, was formally charged 
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with war crimes. Instead, in a true 19th century witch 
hunt, Captain Henry Wirz, the Commandant of Ander- 
sonville Prison, became the sacrifice. Dr. Wirz was hanged 
on November 10, 1865 (Fig. 3). 

After the war, the desperate economic environment in 
the South naturally affected the medical profession. In the 
immediate postwar period, Southern surgeons were not 
held in high esteem by surgeons of the North and abroad, 
and to arise from that position required great effort and 
fortitude. 

Many notable surgeons served the Confederacy hon- 
orably and excelled after the war as physicians, educators, 
scholars, or politicians. As proof that the Confederate 
Medical Corps included many able and promising mem- 
bers of the medical profession, almost 100 Confederate 
medical officers were included in the authoritative medical 
biographical work, American Medical Biographies. To pay 
tribute to these 100 is beyond the bounds of reason; how- 
ever, I would like to highlight two of the founding mem- 
bers of our association who excelled as surgeons both dur- 
ing and after the war. 





FIG. 3. The hanging of Captain Henry Wirz. 
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FIG. 4. Robert Alexander Kinloch. 


Robert Kinloch 


Robert Alexander Kinloch (Fig. 4) was born in 
Charleston, South Carolina, on February 20, 1826. He 
graduated from the College of Charleston with distinction. 
He received his medical degree from the University of 
Pennsylvania and spent 2 years in the hospitals of Paris, 
London, and Edinburgh. Returning home, he began to 
practice in his native city when the war began. He was 
among the very first surgeons to receive a commission 
and was on duty at the first battle of Manassas. His military 
career was exceptional in that he served at various times 
on the staffs of Generals Lee, Pemberton, and Beauregard. 
Also, he was a member of the Medical Examining Board 
at Norfolk, Richmond, and Charleston and subsequently 
held the position of Medical Inspector of Hospitals for 
South Carolina, Georgia, and Florida. He was known as 
an innovative surgeon, having saved lives of soldiers not 
expected to survive. After the war, he practiced in 
Charleston, South Carolina, and was soon elected Chief 
of Surgery at Roper Hospital. In 1866, he was elected to 
the Chair of Materia Medica in the Medical College of 
the State of South Carolina with the understanding that 
he would transfer to the Chair of Surgery when the po- 
sition became vacant. This agreement was fulfilled, and 
in 1869 he was transferred to the Chair of the Principles 
and Practice of Surgery and subsequently to that of Clin- 
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ical Surgery, which he occupied until the time of his death. 
In 1888, he was elected Dean of the faculty and continued 
to serve in this capacity also until he died. He was Pres- 
ident of the Medical Society of South Carolina, President 
of the South Carolina Medical Association, and a founder 
of the American Surgical Association, serving as a member 
of its council. He was also active in the American Medical 
Association and was First Vice President in 1884. For a 
short time, he was editor of the Charleston Medical 
Journal. 

Dr. Kinloch was considered a very able surgeon, bold 
and determined, possessing a rare skill in execution and 
perfect poise in the face of unforeseen emergencies. He 
was the first surgeon in America to successfully resect a 
knee joint for chronic disease, the first to treat fractures 
of the lower jaw and other bones by wiring the fragments, 
and the first to perform an exploratory laparotomy for 
gunshot wounds of the abdomen.*” He was original in his 
thinking and demonstrated a modern viewpoint that was 
not universal. He defended Listerism when most of his 
colleagues were attacking its principle. As a professor and 
as Dean, he worked diligently to elevate the standards of 
medical education and was annoyed when restrictions be- 
yond his control hindered action. He stated, “The stan- 
dards of the college could and should be elevated. It is 
painful to me to say that I am powerless to improve the 
situation.”?! He was a man of strong convictions, rejecting 
the impractical but always acting professionally. In con- 
troversy he wielded a caustic pen and did not spare his 
adversary. Kinloch was by far the most prominent surgeon 
in his section of the South.*” 

Dr. Kinloch suffered from heart disease for many years 
and died of pneumonia on December 23, 1891. 


Hunter Holmes McGuire 


Hunter Holmes McGuire (Fig. 5) was born on October 
11, 1835, in Winchester, Virginia, a town that changed 
hands approximately 80 times during the Civil War. His 
father, Hugh Holmes McGuire, was a prominent physi- 
cian and surgeon who founded Winchester Medical Col- 
lege, the first medical college in the state of Virginia, from 
which Hunter McGuire received the first of two medical 
degrees. Afterward, Dr. McGuire traveled to Philadelphia, 
where he attended courses at Jefferson Medical College 
and at the University of Pennsylvania. He joined Drs. 
Luckett and Pancoast as teachers of a highly successful 
quiz course. Dr. McGuire was a superb teacher, and many 
Southern students in Philadelphia accepted him as their 
spokesman. The hanging of John Brown for his actions 
at Harper’s Ferry led to conflict between Northern sym- 
pathizers and Southern medical students residing in Phil- 
adelphia. Because of the tension, the Southern students 
wished to transfer to a Southern school of medicine. As 
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Fic. 5. Hunter Holmes McGuire. 


their leader, Hunter McGuire was successful in transfer- 
ring all the students to the Medical College of Virginia 
without a loss of credit. He apparently paid from his own 
pocket the train fare of the entire group (there were over 
300 medical students). One hundred forty of these stu- 
dents attended the Medical College of Virginia, and the 
others transferred to other Southern schools. Along with 
the students from Philadelphia, Hunter McGuire matric- 
ulated in the Medical College of Virginia, where he re- 
ceived his second medical degree. 

When Virginia seceded from the Union, he volunteered 
and was mustered in as a private in the 2nd Virginia Reg- 
iment. He was soon commissioned a surgeon and ap- 
pointed Medical Director of the Army of the Shenandoah 
under the command of General Stonewall Jackson. He 
continued to serve as Chief Surgeon of Jackson’s com- 
mand until the death of that great soldier. In May of 1862 
at the battle of Winchester, Virginia, McGuire (who con- 
sidered military surgeons to be noncombatants) persuaded 
General Jackson to release seven Union surgeons who 
had been captured. Under the agreement, these surgeons 
would do their best to influence the United States gov- 
ernment to release Confederate medical officers as well. 
A few weeks later, all medical officers who had been con- 
fined by both parties as prisoners of war were released 
and returned to their respective commands. Although the 
plan of exchanging medical officers as noncombatants was 
eventually interrupted by some disagreement between the 
Commissioners for Exchange, Dr. McGuire continued to 
release surgeons whenever it was in his power. His practice 
of liberating medical prisoners worked to his advantage. 
When he was captured at Waynesboro by Sherman’s 
army, Sherman, on learning of McGuire’s identity and 
knowing of McGuire’s release of medical officers, some 


Vol. 215 * No. 5 


of whom were from Sherman’s own command, ordered 
McGuire’s immediate release.” 

When General Jackson was wounded in the left upper 
extremity and right hand after achieving his greatest vic- 
tory at Chancellorville, McGuire inherited the sad duty 
of amputating his left arm. Although General Jackson did 
well for the first 5 postoperative days, with primary healing 
of his wound except for the bone, where healthy granu- 
lation appeared, Jackson developed pneumonia that 
proved fatal on the 8th postoperative day. 

After the war, McGuire returned to Richmond and was 
immediately successful. Some of his competitors thought 
he was capitalizing on his wartime fame and questioned 
the manner in which he had treated the South’s most 
famous casualty. To exonerate himself of any charges of 
faulty judgment, Dr. McGuire published a report of 
Stonewall Jackson’s injury and demise. His case was pre- 
sented in such an interesting and authentic manner that 
never again was the treatment of General Jackson ques- 
tioned.” 

In 1866, Dr. McGuire was elected Professor of Surgery 
at the Medical College of Virginia, a position he held until 
1878, when he became Professor Emeritus. In 1883, he 
organized the St. Luke Home for the Sick with a nurses’ 
training school. 

He had a huge medical practice, but he never turned 
away any old soldier who had worn the gray. Conse- 
quently, many did come to him with their illnesses and 
were treated without charge. Other patients would wait, 
business would wait, and even operations would wait, 
while no one dared interrupt his conversation with an old 
soldier as they reminisced. 


FIG. 6. University College of Medi- 
cine, circa 1895, founded by Hunter 
Holmes McGuire. 
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Foreseeing the need for an extended and revised med- 
ical curriculum, Hunter McGuire founded the first 3-year 
medical school in the South, the University College of 
Medicine (Fig. 6), holding its presidency until the time of 
his death on September 19, 1890. After existing for 20 
years, the University College of Medicine consolidated 
with Memorial Hospital and the Medical College of Vir- 
ginia under the name of the latter. 

Dr. McGuire was a bold, rapid, and dexterous surgeon. 
He knew when to operate, and better still, when to stop 
operating. He was the first to perform a suprapubic cys- 
tostomy for the formation of an artificial urethra in pros- 
tatic obstruction, an operation that, as the preferred op- 
eration of the time, relieving a terrible human suffering, 
earned him worldwide fame. As a teacher, he was fluent, 
lucid, and impressive (Fig. 7). As an author, he contributed 
regionally and nationally to many aspects of the practice 
of surgery. 

Hunter McGuire had the rare distinction of having been 
elected president of every medical professional society in 
which he held membership, including the Medical Society 
of Virginia, the Association of Medical Colleges of the 
Army and Navy of the Confederate States, the American 
Medical Association, and the American Surgical Associ- 
ation, and he was the second president of our own South- 
ern Surgical Association. He was granted honorary degrees 
from the University of North Carolina and from the Jef- 
ferson Medical College in Philadelphia. In his Presidential 
Address to the Southern Surgical Association, he ended 
the address with the following statement*”: 


Gentlemen of the Southern Association, let our motto be lofty 
aim and united action. As southern men, let us show to the world 
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that under changed conditions we have still the stamina of our 
forefathers. As members of our beloved profession, let us strive to 
be the first in scientific attainment, first in integrity, first in high 
purpose for the good of mankind. 


Hunter McGuire probably did more than any to elevate 
the perceived postwar substandard status of the Southern 
surgeon to its present-day place of honor. 

Dr. McGuire had a cerebrovascular accident, and after 
6 months of a distressing illness, death came as a merciful 
relief on September 19, 1900. 

Historians have argued whether the real reason for the 
Civil War was economic rivalry between the North and 
the South rather than slavery. It stands to reason that 
both are accurate because slavery, although an unaccept- 
able inhumane practice, placed the South at an economic 
advantage. It is of interest that Lincoln did nothing to 
abolish slavery until nearly 2 years after the war had begun. 
The Emancipation Proclamation on September 22, 1862 
stated, “On the first day of 1863, anyone holding slaves 
will be in rebellion against the United States of America.” 
If the Southern surgeon was handicapped after the war, 
a freed slave had an almost impossible task. 


Robert Fulton Boyd 


Robert Fulton Boyd (Fig. 8) was born of slave parents 
in Pulaski, Tennessee, in 1858. He was educated in public 
schools in Pulaski. To continue his education, he worked 
half the day for his board while attending school the other 
half of the day and at night. He attended Fisk University 
and received his undergraduate degree from Central Ten- 
nessee College, after which he received an M.D. from Me- 
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FiG. 7. Hunter McGuire teaching 
students. The student to whom he is 
speaking is his son, Stuart McGuire. 


harry Medical College in 1882 and a D.D.S., also from 
Meharry, in 1887. While attending college, he taught in 
the public schools and became principal of the public 
school for blacks in Pulaski. 

Dr. Boyd was the first black man to venture into prac- 
tice in Nashville. To further his education, he did post- 
graduate study at the University of Michigan and the 
Postgraduate Medical School of Chicago. He returned and 
became an assistant to Dr. Paul Eve. (Incidentally, Dr. 
Eve was the first to set up a medical board for the induction 
of physicians into the Confederate Army.) 

He joined the faculty of Meharry, and during his career 
he chaired the Departments of Anatomy, Physiology, Hy- 
giene, Chemistry, Medicine, Gynecology, and General 
Surgery.” In 1900, he established the 33-bed Mercy Hos- 
pital. When the building was destroyed by fire, he opened 
the Boyd Infirmary (Fig. 9), which served as the primary 
site for clinical training of Meharry students and was a 
major factor in the approval of the curriculum by the 
Flexner Committee and in the ultimate survival of the 
institution. Other black medical schools, with the excep- 
tion of Howard University, were unable to meet the cri- 
teria for approval. 

Dr. Boyd proposed the organization of a teaching hos- 
pital for Meharry and suggested that the hospital be named 
in honor of its first president, George W. Hubbard. In 
1910, the Hubbard Hospital was opened and has grown 
to a modern 400-bed institution. 

Dr. Boyd was one of the founders of the National Med- 
ical Association and was its first president. He was a re- 
spected teacher, acknowledged by most black surgeons of 
the time as their national leader. He was always affable, 
farsighted, and a friend of younger men, and he bristled 
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FIG. 8. Robert Fulton Boyd. 


FIG. 9. Boyd Infirmary, which served 
as a Clinical institution for Meharry 
Medical College. 
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with energy. His life outside his profession was equally 
intensive. He served as president of the Peoples Savings 
Bank and Trust Company in Nashville, the first black 
trust company in the country. As a public-spirited citizen, 
he was always on the firing line of anything that would 
help his race and community. He even ran for mayor of 
Nashville. Unfortunately, the brilliant career of Dr. Robert 
Fulton Boyd ended prematurely at the age of 54, from 
what was thought to be acute indigestion, but was probably 
a myocardial infarction. 

As mentioned earlier, Confederate surgeons were not 
credited with many accomplishments; however, they 
toiled valiantly for the cause in which they believed. 
Through their efforts during the war, from certain lessons 
they learned, indispensable developments were stimulated: 


(1) Surgical dexterity: Their experience in handling the 
knife and the saw and the application of surgical 
ligatures led to the establishment of standard surgical 
maneuvers. 

(2) Surgical initiative: Surgeons became less squeamish 
about entering previously forbidden areas such as 
the abdomen, chest, and cranial vault. 

(3) Public health: Surgeons realized that cleanliness was 
associated with good results and that bad water, bad 
sanitation, and bad food led to misery and disease. 

(4) Anesthesia: Its general usefulness was demonstrated 
beyond doubt through hundreds of thousands of ad- 
ministrations of chloroform and ether. 

(5) Mobile hospitals: These hospitals were first used 
during the Civil War; they were the forerunner of 
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the highly sophisticated mobile units used in recent 
wars. 

(6) Dentistry: The Confederate army was the first to es- 
tablish a dental service and to demonstrate the ef- 
fectiveness of surgical exploration of the oral cavity, 
which eventually led to the formation of American 
dentistry. 

(7) Nursing: Good nursing was found to be as important 
as proper medical attention, and it appeared that 
some of the best nurses were women. 

(8) Orthopedics: Orthopedics was tremendously stim- 
ulated by the development of numerous innovative 
practical splints and workable artificial limbs. 

(9) Rehabilitation: The multitude of amputees neces- 
sitated the development of rehabilitation. 

(10) Medical Documentation: For the first time, medical 
and surgical successes and failures were systemati- 
cally reported and analyzed. Never before had post- 
mortem examinations been performed and recorded 
on such a large scale. 


The South’s most proliferative collector of medical his- 
tory and data was Dr. Joseph Jones, who was guilty of 
romanticizing the conflict according to some sources, but 
who nevertheless described what I consider the genuine 
Southern surgeon’: 


The medical practitioners of the South gave their lives and fortunes 
to the country, without any prospect of military or political fame 
or preferment. They searched the fields and the forest for remedies; 
they improvised surgical implements from the common instruments 
of everyday life; they marched with the armies; and watched by day 
and night in the trenches. The Southern surgeon rescued the 
wounded on the battlefield, binding up the wounds, and preserving 
the shattered limbs of their countrymen: the Southern surgeons 
through four long years opposed their skill and untiring energies to 
the ravages of war and pestilence. At all times and under all cir- 
cumstances, in the rain and sunshine, in the cold winter and burning 
heat of summer, and the roar of battle, the hissing of bullets and 
the shriek and crash of shell, the brave hearts, cool heads and strong 
arms of Southern surgeons were employed but for one purpose— 
the preservation of the health and lives and the limbs of their coun- 
trymen. The Southern surgeons were the first to succor the wounded 
and the sick, and their ears recorded the last words of love and 
affection for country and kindred, and their hands closed the eyes 
of the dying Confederate soldiers. It is but just and right that a Roll 
of Honor should be formed of this band of medical heroes. 
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Infrarenal circumaortic occlusion devices were operatively placed 
in 74 New Zealand white rabbits. Two days after operation the 
animals were randomly assigned to one of seven treatment groups: 
I, control, n = 23; II, halothane, n = 8; III, thiopental, n = 12; 
IV, ketamine (30 mg/kg intravenously), n = 6; V, halothane 
+ hypothermia, n = 8; VI, thiopental + hypothermia, n = 12; 
VII, ketamine + hypothermia, n = 5. In each group, the infrarenal 
aorta was occluded for 21 minutes. Final neurologic recovery 
after restitution of blood flow was graded as acute paraplegia, 
delayed paraplegia (neurologic deficit developing after initial re- 
covery), or normal. Halothane alone was of no benefit. Hypo- 
thermia with any anesthetic was completely protective and re- 
duced neurologic deficits to 0% compared with 91% in controls 
(p < 0.05). Thiopental and ketamine treatment each reduced 
acute paraplegia to 17% (as compared with 61% in controls) and 
increased delayed paraplegia from 30% in controls to 75% and 
50%, respectively (p < 0.05 for thiopental, p = 0.10 for ket- 
amine). The authors interpret the increase in delayed deficits 
and decrease in acute deficits as being the result of partial spinal 
cord protection. These findings document that this model of spinal 
cord ischemia is sufficiently sensitive to identify interventional 
treatments that protect the ischemic spinal cord. 


ARAPLEGIA COMPLICATES REPAIR of thoracoab- 

dominal aortic aneurysms in 5% to 30% of pa- 

tients, depending on extent of aorta replaced.'” 
This complication is caused by spinal cord ischemia sec- 
ondary to aortic clamping. A small fraction of patients 
awaken from anesthesia neurologically normal only to 
develop delayed-onset paraplegia | to 5 days later. The 
pathophysiology of delayed-onset deficits had previously 
been unknown, although postoperative hypotension or 
thrombosis of intercostal arteries had been suggested as 
possible causes. It has been our belief that delayed-onset 
paraplegia is a result of “borderline” ischemia, wherein 
the initial ischemic event was enough to induce some 
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subclinical neuronal injury (initiating a deleterious met- 
abolic cascade), yet not so severe as to result in acute 
paraplegia. We have previously suggested,*~* as have oth- 
ers,’ |? that spinal cord edema within the confines of the 
spinal canal, cytotoxic activity of both direct and com- 
plement-activated leukocytes or microglia, oxygen-derived 
free radical injury, and vasoconstriction secondary to me- 
tabolites of arachidonic acid all may play a role in this 
metabolic cascade after sublethal spinal cord ischemia. 
Adjunctive therapeutic modalities would appear to be 
most likely to be effective in improving clinical outcomes 
in those patients who have such borderline ischemia. 

Many animal models traditionally used to study para- 
plegia have failed to reliably produce delayed-onset neu- 
rologic deficits. We and others have previously demon- 
strated that aortic occlusion in the awake rabbit can cause 
varying degrees of spinal cord ischemia.*'*!'° Using in- 
frarenal aortic occlusion times of 20 to 21 minutes, one 
can expect a group of rabbits to exhibit a reproducible 
incidence of acute paraplegia in some and delayed-onset 
paraplegia in others. This model would appear to be an 
excellent tool to study therapeutic interventions directed 
at protecting the ischemic spinal cord. 

We performed this study to determine if cooling and 
various anesthetic agents might be protective to the isch- 
emic spinal cord. 


Materials and Methods 


Seventy-four New Zealand white rabbits (2.3 + 0.02 
kg) were given subcutaneous atropine (0.005 mg/kg) and 
anesthetized with intravenous xylazine (3 mg/kg) and 
ketamine (40 mg/kg). Intraoperative fractional doses of 
anesthetics were used to maintain appropriate levels of 
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anesthesia. Animals were allowed to breathe room air 
without mechanical ventilation or tracheal intubation. Fur 
was clipped from the left flank, and the skin was prepared 
with povidone iodine. A vertical flank incision was made, 
and the infrarenal aorta was exposed through a retroper- 
itoneal approach. A snare fashioned from PE-60 tubing 
and a 5-mm button were passed around the aorta im- 
mediately distal to the renal arteries. An 18-Fr. catheter 
was placed over the PE-60 tubing to facilitate later occlu- 
sion of the aorta (Fig. 1). The snare then was tunneled 
into a subcutaneous pouch on the anterolateral abdomen, 
where a small skin incision was made for later access. The 
wound was closed in layers, and a single suture was placed 
in the skin incision overlying the subcutaneous pouch 
(Fig. 2). 

Forty-eight hours after recovery from anesthesia, ani- 
mals were randomized into seven treatment groups (Table 
1). Animals treated with ketamine (30 mg/kg) or thio- 
pental (25 mg/kg) alone were given a single dose of the 
drug 3 minutes before aortic occlusion. In animals treated 
with hypothermia, however, one of the anesthetics, either 
halothane, ketamine, or thiopental, was administered so 
as to allow submersion of the animal in an iced bath until 
rectal temperature reached 30 C. 

Infrarenal aortic occlusion was accomplished by re- 
moval of the skin stitch overlying the subcutaneous pouch 
and retrieval of the snare tubing. Snares were tightened 
for a total of 21 minutes. In control animals, two leads 
of a neurosensory stimulation unit were attached by clips 
to the hind limb of the animals and stimulated every 5 
seconds with the lowest voltage required to assess motor 
and sensory function. The times of motor and sensory 
loss were recorded. 

After 21 minutes of occlusion, the 18-Fr. catheter sleeve 
was removed and the PE-60 tubing was cut flush to the 
skin and allowed to retract subcutaneously. Animals were 
observed for neurologic recovery and graded as either 
dense paraplegia, paraparesis, or normal. 

Animals were killed either at the time acute permanent 
paraplegia developed or after 5 days after clamping. Before 
death, animals were anesthetized with ether and the spinal 
column was exposed. Animals were killed with an intra- 
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FIG. 1. Diagram of snare used to provide aortic occlusion. 
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FIG. 2. Diagram of operatively placed snare retained in a subcutaneous 
tunnel. 


cardiac injection of saturated potassium chloride, and the 
spinal cord (proximal and distal to the level of aortic oc- 
clusion) was removed for fixation in formalin. The ab- 
dominal aorta and lumbar arteries were examined for the 
presence of any thrombus formation. 

Data were subjected to statistical analysis using the two- 
sided Fisher’s exact test and Pearson chi square. 

Animal care and disposal conformed to guidelines 
specified in the “Principles of Laboratory Animal Care” 
and the “Guide for the Care and Use of Laboratory An- 
imals” (NIH publication No. 86-23, revised 1985). 


Results 


Weights of animals did not differ significantly between 
the seven groups. Within the control group (group I), the 
period after aortic clamping needed to cause loss of motor 
function (35 + 3 seconds) was significantly less than for 
loss of sensory function (62 + 3 seconds) (p < 0.05). This 
reconfirms an observation we previously reported regard- 
ing spinal cord ischemia in this animal model.‘ 

There was no evidence of aortic or lumbar artery 
thrombosis identified in any animal. 

Final neurologic outcome is represented in Table 2. 
Halothane treatment did not significantly change the risk 
of acute or delayed-onset paraplegia compared with con- 
trols. Both thiopental and ketamine treatment reduced 
acute paraplegia to 17% as compared with 61% in controls, 


TABLE 1. Treatment Modalities Used in Each Group 


Group n Treatment Modality 
I 23 Controls 
lI 8 Halothane 
II 12 Thiopental 
IV 6 Ketamine 
V 8 Halothane + hypothermia 
VI 12 Thiopental + hypothermia 
VII 2 Ketamine + hypothermia 
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TABLE 2. Neurologic Outcome 
Delayed- Acute- 
Treatment onset onset 
Group Modality n Normal Paraplegia Paraplegia 
I Controls 23 2 E 14 
Il Halothane 8 0 l 7 
II §Thiopental 129 l 9 2 
IV Ketamine 6 2 3 l 
V Halothane 8* 8 0 0 
+ hypothermia 
VI Thiopental i 12 0 0 
+ hypothermia 
VII Ketamine = S 0 0 
+ hypothermia 





* p < 0.05 vs. controls. 


and increased delayed paraplegia from 30% in controls 
to 75% with thiopental treatment and 50% with ketamine 
treatment (p < 0.05 for thiopental, p = 0.10 for ketamine). 
Hypothermia to 30 C provided complete protection to 
the spinal cord, in that no acute or delayed neurologic 
deficits occurred. 

Histologic features in the ischemic segment of spinal 
cords can be categorized into three general findings that 
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correlate with neurologic outcome. Normal animals had 
ganglion cells in anterior horns, which were indistin- 
guishable from those in nonischemic zones of the cord. 
Many animals with delayed-onset paraplegia had an in- 
termediate degree of ganglion cell destruction with hy- 
perchromatic nuclei and adjacent normal appearing gan- 
glion cells. Rabbits with acute permanent paraplegia 
characteristically had total destruction of anterior horn 
cells with pronounced vacuolization (Figs. 3 through 5). 


Discussion 


Repair of thoracoabdominal aortic aneurysms requires 
cross-clamping of the thoracic aorta with complete inter- 
ruption of aortic blood flow through the segment of the 
aorta involved by the aneurysm. These operations are as- 
sociated with risks to multiple organs, although spinal 
cord ischemia with paraplegia is perhaps most devastating, 
especially psychologically. The cause of spinal cord injury 
with thoracic aortic cross-clamping is related to spinal 
cord ischemia, because critical intercostal arteries supply- 
ing the anterior spinal artery may be occluded. The in- 
cidence of spinal cord injury relates to the extent of the 





FIG. 3. Histologic section of anterior horn of rabbit spinal cord in an animal that remained neurologically normal. Ganglion cell architecture is 


normal. 
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FIG. 4. Histologic section of rabbit spinal cord taken from an animal with delayed-onset paraplegia. Note the presence of both viable and nonviable 


ganglion cells as well as vacuolization within the anterior horn. 


aneurysm and the level of aortic cross-clamping.” Re- 
ported risk of neurologic deficits after thoracoabdominal 
aortic reconstruction has been reported between 5% and 
30%. However, some patients awaken from anesthesia 
with acute-onset paraplegia and others develop delayed- 
onset neurologic deficits over the following 1 to 5 days.'® 

A rabbit model of spinal cord ischemia has been de- 
veloped that produces borderline ischemia, resulting in 
the development of both acute and delayed-onset para- 
plegia.*!*:'> Rabbits have a segmental blood supply to their 
spinal cord with poor collateral flow between segments. 
By clamping the infrarenal aorta, the adjacent spinal cord 
is rendered ischemic yet with minimal hemodynamic ef- 
fects. Occlusion of the infrarenal rabbit aorta for a period 
of 21 minutes is associated with both acute paraplegia in 
some animals and delayed-onset paraplegia in others.“ 
Such clamping results in rapid loss of initially motor and 
then sensory function; restitution of aortic blood flow re- 
sults in the return of sensory function before motor func- 
tion.* This is a reliable model for producing neurologic 
deficits from ischemic spinal cord injury, and we believe 
that it provides an excellent model to explore the patho- 
physiology of spinal cord ischemic injury, including acute 
and delayed neurologic deficits. It also allows one to iden- 


tify potential interventional modalities that might serve 
to protect the spinal cord from ischemic injury. Using this 
model, we have evaluated the influence of hypothermia 
as well as three different anesthetics on ischemic spinal 
cord injury. 

Tissue ischemia occurs when metabolic demand ex- 
ceeds the nutrient supply of glucose and oxygen. Ap- 
proximately two thirds of the energy consumed by the 
central nervous system (CNS) is used to support the elec- 
trophysiologic function.'’ Examples include stabilization 
of ionic gradients and the synthesis and transport of neu- 
rotransmitters. The remaining one third is used for cellular 
homeostasis, in other words, for retaining the stability of 
neuronal membranes. 

Hypothermia has many different effects on the CNS.'*-”" 
Primarily, the metabolic rate is reduced by 6% to 7% per 
degree Celsius the core temperature is reduced.” In light 
of obvious reduction in blood flow caused by aortic 
clamping, it is logical that a reduction in CNS metabolic 
demand, as occurs in lowering the body temperature to 
30°C, might reduce the risk of ischemic neurologic injury. 
Hypothermia has other effects that also would seem to be 
protective to the ischemic spinal cord. Hypothermia de- 
creases secretion of cerebrospinal fluid, which results in 
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FIG. 5. Histologic section of rabbit spinal cord taken from an animal with acute-onset paraplegia. Note the complete destruction of ganglion cells 


and extensive vacuolization of the anterior horn. 


a reduction of cerebrospinal fluid pressure.*!?? Reduction 
in cerebrospinal fluid pressure facilitates spinal cord per- 
fusion by favorably affecting the perfusion pressure.’ 
The protection afforded by hypothermia is not only 
limited to the acute phase. Limiting the extent of spinal 
cord ischemia can reduce delayed neurologic deficits.4 
Patients who suffer ischemic injury to the spinal cord do 
not necessarily have immediate destruction of the spinal 
neurons. Over time, secondary cell death occurs, which 
in part may be due to cord edema, activated leukocyte 
injury, Or vasoconstriction stimulated by metabolites of 
arachidonic acid.**-'’ Hypothermia reduces intracranial 
pressure, which in turn can limit edema formation.” In 
sharp contrast, fever has been shown to increase CNS 
edema formation.” Therefore, by the mechanisms out- 
lined above, hypothermia should be effective in reducing 
both acute and delayed neuronal injury after aortic cross- 
clamping. We have demonstrated in this study, using the 
ischemic rabbit spinal cord model, that, regardless of 
which anesthetic agent was used, hypothermia demon- 
strated a significantly protective effect on the spinal cord. 
Thiopental treatment alone reduced the risk of acute- 
onset paraplegia from 61% to 17%. Ketamine also ap- 
peared protective to some extent against the acute isch- 


emic insult. Halothane showed no effect on final neuro- 
logic outcome. Delayed paraplegia was increased from 
30% in controls to 75% with thiopental treatment and 
50% with ketamine treatment (p < 0.05 for thiopental, p 
= 0.10 for ketamine). We interpret these findings as dem- 
onstrating some, yet incomplete, protection of the spinal 
cord by these anesthetic agents, allowing a reduction in 
risk of acute-onset paraplegia but insufficient protection 
to prevent the formation of delayed-onset paraplegia. In 
fact, risk of delayed-onset paraplegia is increased with 
thiopental and ketamine treatment, likely because acute 
onset deficits have been shifted to delayed-onset deficits 
by limiting the deleterious effect of this interval of isch- 
emia. 

The differential effects of certain anesthetic agents on 
the ischemic spinal cord is basically predictable based on 
their CNS effects. Thiopental reduces CNS metabolic rate 
and relaxes CNS vascular smooth muscle, thereby aug- 
menting blood flow.***? Another important mechanism 
in the protective effect of thiopental is its property of low- 
ering CNS pressures.” Decreased CNS pressure increases 
spinal cord blood flow and limits edema formation. 
Therefore, for multiple reasons, thiopental will serve a 
protective effect on the ischemic spinal cord. 
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The actions of ketamine are manyfold, and no clear- 
cut effect on the spinal cord can be predicted. Unlike bar- 
biturates, ketamine increases CNS metabolic rate, and it 
has been shown to increase the cerebral metabolic oxygen 
demand.”*! It also increases the intracranial (and probable 
spinal) pressure.’ Yet it may serve a protective effect 
on the cord by causing vasodilatation of the CNS vascular 
tree.** In our study, ketamine reduced the incidence of 
neurologic insult, but not significantly (p < 0.10). 

In sharp distinction to thiopental, halothane is to be 
avoided in procedures in which spinal cord ischemia is a 
risk. Halothane impairs the intrinsic autoregulation of 
blood flow to the CNS.*° Some authors suggest that halo- 
thane causes an uncoupling of the cerebral blood flow 
and metabolism.’ Despite early increases in CNS blood 
flow during halothane inhalation, there then occurs a pre- 
cipitous drop in CNS perfusion, which may take anywhere 
from 2 to 5 hours to return to baseline.*’ Therefore, even 
after reperfusion, CNS tissues may remain relatively isch- 
emic because of this delayed halothane action. Central 
nervous system water accumulation is greater over the 
24-hour period after halothane anesthesia, a feature that 
contributes to increased CNS pressure and edema for- 
mation.” In a rabbit study, Forster et al. demonstrated 
that halothane anesthesia reduced the protective effect of 
the blood-brain barrier; a study in humans also suggests 
that halothane can interfere with the functioning of the 
blood-brain barrier. These facts all taken together would 
support our findings that halothane does not serve a pro- 
tective effect on the ischemic spinal cord. It would follow 
that halothane may even be detrimental to the spinal cord, 
especially after a time of marginal perfusion. 

In summary, we have used a rabbit model of spinal 
cord ischemia that mimics the situation seen in patients 
undergoing thoracoabdominal aortic aneurysm repair. 
Some animals develop acute paraplegia, and others dem- 
onstrate delayed onset of neurologic deficits. Thiopental, 
a barbiturate, is moderately protective to the ischemic 
cord, whereas ketamine and halothane demonstrate no 
significant differences as compared with controls. Hypo- 
thermia significantly reduces the incidence of neurologic 
deficits regardless of the anesthetic agent used. We con- 
clude that hypothermia and barbiturate treatment during 
aortic cross-clamping are protective to the ischemic spinal 
cord and may be beneficial as adjunctive measures to pre- 
vent spinal cord injury secondary to ischemia. 
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DISCUSSION 


DR. DENTON A. COOLEY (Houston, Texas): Forty years ago almost 
to the day in 1951, at the meeting of the Southern Surgical Association 
at The Homestead, we presented the first paper recommending a direct 
aggressive surgical repair of aortic aneurysms. Previously, only a few 
reports of aneurysmal excision had been reported. In that presentation, 
we discussed the threat of spinal cord injury when the descending thoracic 
aorta was temporarily occluded to permit aneurysmal repair or excision. 
Since then, surgical treatment of aneurysms has evolved to repair of the 
aorta and restoration of circulatory continuity with a prosthetic graft. 

One of the major problems that remains, however, is ischemic injury 
to the spinal cord during aortic cross-clamping of the descending aorta. 
Avoidance of postoperative paraplegia has challenged, confounded, and 
often mystified surgeons during this era. The experimental technique in 
rabbits reported last year and amplified here by Dr. Hollier and his as- 
sociates should be a useful means of investigation in this challenging 
area. In our laboratory studies in adult pigs, we have obtained favorable 
results with regional hypothermia of the spinal cord by using perfusion 
techniques. 

Dr. Hollier’s group has also reported the effects of anesthetic agents 
on the incidence of paraplegia. Recently, we reported the protective effect 
of nimodipine, a calcium antagonist, on the incidence of paraplegia after 
aortic cross-clamping. Many factors may be responsible for neural injury, 
but most data suggest that elevated levels of intracellular calcium play 
a major role. This discussion has been given without access to Dr. Hollier’s 
paper, so I would like to ask Dr. Hollier whether he has considered the 
effect of anesthetic agents on spinal fluid pressure. Inhalation anesthetics 
such as halothane increase cerebral spinal fluid pressure, whereas bar- 
biturates have no such effect. 

Recently, we have repaired aneurysms in our patients by using an 
“open” type repair in which we apply only a single proximal aortic clamp. 
An autotransfusion device is used to capture the blood from the lower 
circulation. Under these conditions, spinal fluid pressure and central 
venous pressure are reduced. The open technique in addition to decreased 
periods of aortic occlusion may account for the absence of neurologic 
complications among 27 consecutive patients who underwent repair of 
their aneurysms at our institution. 

I compliment the authors, Drs. Naslund, Hollier, and others, on this 
interesting contribution. Will they comment further on spinal fluid pres- 
sure relationships in their experiments? Thank you. 


DR. WILLIAM W. MONAFO (St. Louis, Missouri): I would like to add 
my congratulations to Dr. Hollier and his associates on a very nice study, 
and it is a beautiful presentation. I would like to pass along a few ob- 
servations that we have made in the laboratory using the rat, which may 
or may not resemble the guinea pig or the human. But in the normal 
rat, pentobarbital anesthesia (not thiopental as Dr. Hollier has used) 
results in the reduction of spinal cord blood flow in a normal rat. Con- 
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versely, when the rat is made hypothermic to the range that Dr. Hollier 
has recorded, that is, at around 30 C, spinal cord blood flow actually 
increases by about 25%. Moreover, the increase associated with hypo- 
thermia in the rat seems to be mediated, in part at least, by the sympathetic 
nervous system. And I would like to pass that information along to Dr. 
Hollier and ask him if he has in fact examined the effects of these an- 
esthetic agents on regional blood flow in his model. Thank you. 


Dr. G. MELVILLE WILLIAMS (Baltimore, Maryland): I, too, want to 
congratulate the authors on presenting a significant study in helping us 
understand the increasing vexing problem of delayed paraplegia after 
spinal cord ischemia. They have shown previously that ischemic time is 
the major determinant of recovery, delayed paralysis, or immediate pa- 
ralysis, and have not only confirmed this finding in this study, but have 
provided convincing evidence that agents known to protect the brain 
from ischemic injury also protect the spinal cord. Thus, I find it strange 
that an ischemic event should have overt manifestations hours or even 
days later. We do not have a sizable number of patients developing 
strokes hours or days after carotid surgery. When we do, we look for a 
cause and generally find one. That is my first question, whether the 
authors would accept the hypothesis that delayed paraplegia is a two-hit 
phenomenon. Ischemia would be the initial hit, causing cord swelling, 
and a second, perhaps even mild, circulatory insult would provoke this 
spinal cord stroke. Second, the amelioration of initial ischemia by hy- 
pothermia seems to solve the problem, as you have shown, because it 
also defeats the ischemic event. The profound beneficial effects that you 
have demonstrated should find clinical application rapidly. Thus, my 
second question is, how do we introduce hypothermia best into an already 
complex operation? Thank you. 


Dr. LARRY H. HOLLIER (Closing discussion): I would like to thank 
the discussants for their probing questions. Dr. Cooley, you are actually 
one of the major reasons why I got involved in all this to begin with. I 
happened to read an article that you had written with Dr. Blaisdale in 
1962, demonstrating in the dog model the benefits of cerebral spinal 
fluid (CSF) drainage in that model. You questioned whether these drugs 
change spinal fluid pressure. They certainly do, as you demonstrated in 
the past. We have been using CSF drainage in our previous experimental 
work and have demonstrated in the dog model and in the rabbit model 
that CSF drainage does have an influence on perfusion. Miamoto in 
Japan has demonstrated the same thing. We have used nimodipine in 
humans. I have stopped that for the moment because I have had some 
unexplained massive vasodilation that occurred throughout the body, 
and I have not learned exactly how to handle that yet. So we are back 
to the laboratory with the nimodipine to look at the control of some of 
the side effects. Dr. Monafo, I appreciate your comments. We have no- 








416 


ticed the effects on regional blood flow, but the major effect is of the 
ischemia itself. Once you develop significant ischemia, the reperfusion 
that occurs is a 20-fold increase in perfusion of the ischemic cord over 
the baseline. We have not been able to demonstrate any significant dif- 
ferences in regional blood flow and separate that out from the CSF pres- 
sures. And, finally, to answer Dr. Williams’ comments, I do believe very 
much that the brain and the spinal cord should behave similarly because 
they represent the same neurologic tissue. A neuron is a neuron. The 
differences, I think, are in two aspects. One, because of the relatively 
poor blood flow to the spinal cord compared with the relatively rich 
blood flow to the brain, minor differences in reperfusion changes or in 
changes of pressure can be detrimentally restrictive to the blood flow in 
the spinal canal and not have that same effect in the brain. But we do 
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demonstrate that edema occurs in both. Could the delayed onset be a 
two-hit phenomenon? I think it is a two-hit phenomenon, although dif- 
ferent perhaps from what you envision. I think we have shown fairly 
conclusively that the first hit is ischemia. What is the second hit? There 
is an excellent paper published just in July of this year in Stroke by Clark 
and his colleagues, using the same rabbit model. And in their paper, 
they used monoclonal antibodies to CD18 adhesion molecules. Basically, 
what this means is that when you make the tissue ischemic, leukocytes 
are activated, and they produce a glycoprotein on the surface that fosters 
their adherence to the endothelial cells and to the neurons. The second 
hit then is neuronal lysis caused by the oxygen-derived free radicals pro- 
duced by the leukocytes. I think that is the second-hit phenomenon. 
Thank you very much. 
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Myocardial damage after infarction is a common sequela in pa- 
tients with coronary occlusive disease. The extent of injury varies 
and may be localized or diffuse. Since March 1989, the authors 
have used a new surgical repair technique that employs an in- 
tracavitary patch of Dacron fabric or glutaraldehyde-treated 
pericardium to exclude the hypokinetic or fibrotic myocardial 
segment. An elliptical configuration preserves the contour and 
volume of the ventricular cavity. After securing the patch, the 
ventriculotomy is closed with a simple continuous suture. 
Through July 31, 1991, 136 patients underwent repair using this 
technique. Of these patients, 100 (group I) had neither sustained 
an acute myocardial infarction (within 30 days before surgery) 
nor had undergone previous cardiac surgery, whereas 36 (group 
IT) had sustained an acute myocardial infarction or had undergone 
previous cardiac surgery. In group I, four (4%) died within 30 
days of surgery, and seven died later, resulting in a 6-month 
survival of 90.5% and a 1-year survival of 85.3%. In group II, 
11 (30.6%) died within 30 days of surgery, and three died later. 
Functional class improved after repair in 95.7% of patients in 
group I and all patients in group II. In both groups, ejection 
fraction improved significantly (p < 0.0001, group I; p < 0.0001, 
group II). By eliminating the need for epicardial buttresses to 
repair the ventriculotomy, myocardial revascularization has been 
possible in most patients. This method of intraventricular repair 
is also appropriate for patients with calcified aneurysms, acquired 
ventricular septal defects, and acute ventricular rupture. 


EFT VENTRICULAR ANEURYSM and dyskinesia are 

common complications of myocardial infarction 

(MI). Minor insults may result in only local dys- 
kinetic areas, whereas more extensive injury, as in trans- 
mural infarction, may produce a large aneurysm or even 
cardiac rupture. In 1958, Bailey and associates! reported 
treatment of ventricular aneurysms by tangential excision 
of the sac and ventriculorrhaphy in six patients, with five 
survivors. These cases, begun by Likoff and Bailey in 
1954,° were the earliest instances of surgical treatment of 
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ventricular aneurysm before cardiopulmonary bypass be- 
came available. Because the heart was still beating, how- 
ever, there was a greater risk that intracavitary thrombi 
would dislodge and trigger a massive embolism. 

In 1958, we? performed the first definitive repair of left 
ventricular aneurysm by using cardiopulmonary bypass. 
The year before, we* had first used cardiopulmonary by- 
pass to repair a postinfarction ventricular septal defect. 
At the American Surgical Association in 1959, wef re- 
ported six cases of successful excision of left ventricular 
aneurysms using the pump oxygenator for temporary 
cardiopulmonary bypass. Two years later, we° reported 
14 cases of repair of a left ventricular aneurysm using the 
technique of excision with ventriculorrhaphy. Soon, we 
began to use felt strips for buttresses on the linear repair. 
After numerous modifications, this technique became the 
standard repair for almost 30 years. During that time, we 
repaired 4298 left ventricular aneurysms. 

In each of the modifications, however, the geometry of 
the repaired ventricular cavity was deformed to varying 
degrees. In addition, the awkward felt strips complicated 
the coronary bypass procedure. As a result, ventricular 
function was often impaired; improvements, if seen at all, 
were often modest. Many of these patients required early 
postoperative support with intra-aortic balloon counter- 
pulsation. Since March 1989, however, we have used a 
new technique to repair ventricular aneurysms with more 
favorable results. The new technique is designed to main- 
tain left ventricular contour and volume. 


Patients 


Between March 1989 and July 31, 1991, 136 patients 
underwent intracavitary repair of left ventricular an- 
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eurysm. Of these patients, 100 (group I) had neither sus- 
tained an acute MI (within 30 days before surgery) nor 
had undergone previous cardiac surgery, whereas 36 pa- 
tients (group II) had sustained an acute MI or had un- 
dergone previous cardiac surgery. We have only recently 
extended the technique of intracavitary repair to include 
more of these sicker, higher-risk patients. 

The preoperative clinical evaluation of each patient in- 
cluded left ventricular ejection fraction and New York 
Heart Association functional class status. Left ventricular 
ejection fraction was calculated according to previously 
described methods.” Whenever possible, values obtained 
by contrast ventricular angiography were confirmed by 
nuclear ventriculography. Postoperative evaluation in- 
cluded left ventricular ejection fraction before hospital 
discharge and New York Heart Association functional 
class status at most recent follow-up. Postoperative ejec- 
tion fraction was determined by using nuclear ventricu- 
lography. Improved ejection fraction was defined as a 5% 
or greater increase in ejection fraction after surgery. De- 
creased ejection fraction was defined as a 5% or greater 
decline in ejection fraction after surgery. No change was 
defined as less than 5% change. In addition, we evaluated 
early (30 days or less) and total mortality rates. 


Group I 


The mean age of the patients who had not sustained 
an acute infarction nor had previous cardiac surgery was 
57.9 + 9.0 years (range, 37 to 78 years). There were 87 
men (87%) and 13 women (13%). 

The most common locations of the left ventricular 
aneurysm were anterior-apical (31%), anterior-septal 
(24%), and apical-septal (26%). Thrombus was found in 
45% of the aneurysms. Coronary artery bypass was per- 
formed concomitantly in 92 patients (92%). Of these 92 
patients, 16 (17.4%) had one bypass graft placed, 28 
(30.4%) had two grafts, 33 (35.9%) had three grafts, 13 
(14.1%) had four grafts, and two (2.2%) had five grafts. 
Most (62.2%) of the procedures were done with a com- 
bination of saphenous vein and internal mammary artery 
grafts. Of the remaining procedures, the saphenous vein 
was used alone in 22.2%, and the internal mammary artery 
was used alone in 15.6%. 

Concomitant procedures other than coronary artery 
bypass were performed in 14 (14%) of the 100 patients in 
this group. Other concomitant procedures included im- 
plantation of an automatic implantable defibrillator in 
six patients, endarterectomy of the left anterior descending 
coronary artery in two patients, endarterectomy of the 
right coronary artery in one patient, mitral valvuloplasty 
in two patients, repair of a postinfarction ventricular septal 
defect in two patients, and electrophysiologic mapping in 
one patient. 
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Intra-aortic balloon counterpulsation was used in 22 
of the 100 patients (22%). The mean duration of follow- 
up was 10 months. 


Group IT 


Of these 36 patients, 21 had undergone previous cardiac 
surgery, and 18 had sustained an MI within 30 days before 
surgery. These patients were significantly older than pa- 
tients in group I (64.1 + 8.3 years; range, 48 to 79 years; 
p < 0.0005), and there were slightly more women (16.7%, 
six patients) in this group. Locations of the aneurysms 
were similar; the most common were anterior-septal 
(33.3%), anterior-apical (25%), apical-septal (16.7%), and 
anterior-lateral (11.1%). Thrombus was found in 44.4% 
of aneurysms. Coronary artery bypass was performed 
concomitantly in significantly fewer patients (29 patients, 
80.6%, p < 0.05). The percentage of grafts placed, how- 
ever, was similar: 4 patients (17.6%) had 1 graft, 7 (29.6%) 
had 2 grafts, 11 (36.3%) had 3 grafts, and 7 (14.3%) had 
4 grafts. Most (58.6%) of the procedures were also done 
with a combination of saphenous vein and internal mam- 
mary artery grafts. The percentage of patients who had 
saphenous vein graft alone in this group was higher 
(34.5%), and the percentage of patients who had internal 
mammary artery graft alone was lower (6.9%). 

Concomitant procedures other than coronary artery 
bypass were performed in seven (19.4%) of the 36 patients. 
Other concomitant procedures included endarterectomy 
of the left anterior descending artery in one patient, mitral 
valvuloplasty in three patients, repair of the carotid artery 
in one patient, repair of a ventricular septal defect in one 
patient, and electrophysiologic mapping in one patient. 

Intra-aortic balloon counterpulsation was used signif- 
icantly more often in group II (18 patients, 50%, 
p < 0.001). Use of the balloon has decreased in frequency 
each year, however, from 64% (7/11 patients) in 1989 to 
25% (1/4 patients) in 1991, which is the same frequency 
as that in group I in 1991. The mean duration of follow- 
up in group II was 5.5 months. 


Statistical Analysis 


Univariate analyses were performed by using Student’s 
t test, chi square analysis, or Fisher’s exact test. The dif- 
ference between preoperative and postoperative ejection 
fraction was analyzed by using the paired t test. A p value 
of 0.05 or less was considered statistically significant. 


Surgical Technique 


The usual median sternotomy is made.” Single, large- 
bore cannulae are used to cannulate the ascending aorta 
(arterial) and right atrium (venous). Bicaval cannulation 
is used when mitral repair is indicated. The operation is 
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performed during cardiopulmonary bypass with moderate 
hypothermia (26 to 28 C). Cold crystalloid cardioplegic 
solution containing potassium chloride is delivered an- 
tegrade through a large-bore needle in the ascending aorta 
to produce asystole and myocardial relaxation. The needle 
then is secured in the ascending aorta and used to vent 
the left side of the heart during the repair. To repair an- 
teroseptal aneurysms, an incision is made into the ven- 
tricle, 2 cm lateral and parallel to the left anterior de- 
scending coronary artery. To repair posterior aneurysms, 
an incision is made through the aneurysm posteriorly. 

After blood has been evacuated from the heart, we 
identify the transition zone between scarred and normal 
myocardium. The whitish, fibrous scarring contrasts easily 
with the more normal, maroon-colored myocardium. 
Next, we estimate the extent of the defect in the ventricular 
wall, to prepare an appropriately sized prosthesis. The 
prosthetic patch must be tailored according to the size 
and shape of the ventricular cavity, and its length and 
width should conform to normal left ventricular volume 
(usually 2 X 4 cm). We generally use woven Dacron for 
the patch, although on occasion we have used glutaral- 
dehyde-treated bovine pericardium. Although both ma- 
terials can be used successfully, we prefer the Dacron 
patch. 

The patch, which should extend under, but not into, 
the ventriculotomy, is secured with a 3-0 polypropylene 
continuous suture. At this stage, caution should be used 
to avoid damaging the papillary muscles. Next, we repair 
the ventriculotomy with a continuous double row of su- 
tures (Fig. 1). We have found that the felt strips are no 
longer necessary for buttressing, because the ventriculot- 
omy is not exposed to intracavitary pressure. Moreover, 
felt strips may be subject to infection and late pseudo- 
aneurysm formation. Care must be taken not to cross the 
interventricular groove or the left anterior descending 
coronary artery with sutures, even when the artery is se- 
verely diseased or totally occluded. 

In some patients, where feasible, myocardial revascu- 
larization should be performed simultaneously with 
aneurysmal repair. The left internal mammary artery is 
used to bypass the left anterior descending artery when a 
lumen is present, even though the left anterior descending 
may be small and fibrosed. The other coronary arteries 
are bypassed with a reversed saphenous vein graft, which 
should be carefully prepared to avoid injury. Finally, hep- 
arin is reversed with Coumadin (warfarin). 


Results 
Group I 


Before intracavitary repair, 96 (96%) of the 100 patients 
who had neither sustained an acute infarction nor un- 





FIG. 1. Technique of intracavitary repair of a left ventricular aneurysm 
using a patch of woven Dacron fabric. 


dergone previous cardiac surgery were in New York Heart 
Association functional classes III and IV. In contrast, after 
intracavitary repair, only three (4.3%) of 69 patients with 
follow-up information available remained in classes III 
and IV. Of the 69 patients studied, functional class im- 
proved after repair in 66 (95.7%). Functional class did 
not worsen in any patients. 

Ejection fraction also improved significantly after in- 
tracavitary repair. When we compared the differences be- 
tween preoperative and postoperative ejection fractions 
(both measured before discharge) in 70 patients for whom 
data were available, we found that ejection fraction in- 
creased in 75.7% (53 patients), remained the same in 20% 
(14 patients), and decreased in only 4.3% (three patients). 
The mean change in ejection fraction was 10.9 + 1.2 
(p < 0.0001). 

There were four deaths (4%) within 30 days of surgery. 
Three of the patients died of ventricular tachycardia, and 
the other patient died of sepsis. The mean preoperative 
ejection fraction of these patients was 26.7 + 2.9. Their 
mean age was 52.8 + 15 years. 

There were seven late deaths. Two of these patients 
died of myocardial failure, one died of arrhythmia, one 
died of sepsis, one died of multiple system failure, and 
two died of undetermined causes. 
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At 6 months, survival was 90.5%, and at | year, survival 
was 85.3%. 


Group II 


Before intracavitary repair, all of the 36 patients who 
had sustained an acute infarction or who had previous 
cardiac surgery were in New York Heart Association 
functional classes III and IV. At follow-up, data on func- 
tional class (available for 15 patients) showed improve- 
ment in all patients. 

Ejection fraction also improved significantly in this 
group of extremely high-risk patients. When the differ- 
ences between preoperative and postoperative ejection 
fractions (both measured before discharge) were compared 
for 20 patients for whom data were available, we found 
that ejection fractions increased in 85% (17 patients), re- 
mained the same in 15% (3 patients), and did not decrease 
in any patients. The mean change in ejection fraction was 
slightly better in this group (13.4 + 2.3), but it was not 
statistically significant. 

In this high-risk group, there were significantly more 
deaths (11 patients, 30.6%, p < 0.0001) within 30 days of 
surgery. Five of the patients died of low output syndrome, 
two died of ventricular tachycardia, one died of cardio- 
genic shock, one died of left ventricular dysfunction, and 
two died of unknown causes. The mean preoperative 
ejection fraction of these patients was 27.8%. Their mean 
age was 66 + 8 years. 
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There were three late deaths in this group. One patient 
died of multiple system failure, one died of low output 
syndrome, and one died of undetermined causes. 


Discussion 


Intracavitary repair of ventricular aneurysms restores 
the shape and volume of the left ventricle. The fabric 
patch compartmentalizes the left ventricle, creating an 
anatomically correct intracavitary space. We believe that 
this space, which is incorporated into the wall of the left 
ventricle, may account for the good functional results 
achieved in these patients. Because the surface of the ven- 
tricle is not distorted, ventricular function may return to 
normal while paradoxical contractile forces are controlled 
(Fig. 2). This improvement occurs because the patch, even 
though noncontractile, stabilizes ventricular contraction 
during systole. Stress is taken off the ventriculotomy, 
which controls hemorrhage. 

The technique of intracavitary repair resembles the 
technique of arterial aneurysm repair proposed by Ru- 
dolph Matas!’ more than a century ago, and Matas called 
his technique endoaneurysmorrhaphy. The technique also 
conceptually resembles the repairs proposed for ventric- 
ular aneurysms by Jatene!! and Dor and colleagues.'? Both 
techniques attempt to restore normal left ventricular vol- 
ume, contour, and anatomy. Jatene, however, operates 
on a beating heart. Additionally, the Jatene repair uses 
an internal purse-string suture placed at the transition 
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FIG. 2. Computer-enhanced ventriculograms showing a typical increase in ejection fraction in a patient after intracavitary repair. Reprinted with 
permission from Cooley DA. Ventricular endoaneurysmorrhaphy: a simplified repair for extensive postinfarction aneurysm. J Cardiac Surg 1989; 
4:200-205. 
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from normal to fibrous tissue. These sutures, which are 
pulled before rebuilding the cavity, may later become de- 
tached if placed under stress. 

Like the Jatene technique, the technique proposed by 
Dor also involves suturing the epicardial surface. Dor’s 
technique of ventriculorrhaphy emphasizes aneurysmal 
excision and replacement with a pericardial-covered Da- 
cron patch. Hemorrhage that may occur when the suture 
line is placed under stress with this technique could be 
avoided by intracavitary repair. 

Intracavitary repair is simpler than either the Jatene or 
Dor technique and, in addition, does not distort the outer 
surface of the ventricle. Intracavitary repair may be ex- 
tended to patients with a number of related diagnoses. 
We perform intracavitary repair in patients with localized 
areas of myocardial fibrosis and decreased ventricular 
function. We have used the technique in patients with 
more diffuse dyskinesia, because the repair enhances the 
function of less dyskinetic areas of the ventricle. In ad- 
dition, the technique may be used to repair calcified 
aneurysms”? and aneurysms on the posterior ventricular 
surface. We also have extended the technique to cover 





FIG. 3. Comparison of (A) conventional repair and (B) intracavitary repair of left ventricular aneurysms. Intracavitary repair does not require felt 
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postinfarction ventricular septal defects! and, most re- 
cently, to more patients with acute MI. Even though the 
risk in these patients is higher, in our series postoperative 
ventricular function and functional class improved sig- 
nificantly, even more than in patients in group I. 

Intracavitary repair may benefit patients with ventric- 
ular tachycardia, because the exciting focus is usually at 
the junction of the scarred and normal tissue. Electro- 
physiologic testing either before or during the operation 
can determine the exact location of arrhythmogenic foci. 
In patients with arrhythmias, locating the arrhythmogenic 
focus is critical. In our series, death can be attributed 
mostly to arrhythmias in 36.4% of the patients in group 
I who died and 14% of the patients in group II who died. 
Thus, when the exciting focus is in an area that may con- 
tinue to produce life-threatening arrhythmias after repair, 
cryoablation or subendocardial resection should be con- 
sidered. In some patients with multiple foci, an automatic 
implantable defibrillator may be needed. 

We have found that felt buttresses, which are customary 
in conventional repair of ventricular aneurysms, are un- 
necessary with this technique, because the Dacron patch 
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buttresses and permits accessibility of the anterior descending artery for revascularization. 
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stabilizes the ventricle (Fig. 3). In our opinion, other types 
of buttresses such as autologous pericardium are also un- 
necessary.'° Eliminating the felt strips preserves the surface 
anatomy of the heart and avoids the possibility of sub- 
sequent infection from the foreign material. When infec- 
tion occurs, recurrent ventricular pseudoaneurysm may 
follow.'® In one recently published case from another in- 
stitution, the pseudoaneurysm was secondary to infection 
of the cardiac suture line, caused by a pathogen residing 
in the multifilamented Teflon strips.'’ In a similar case 
from our institution, a patient recently underwent his 
fourth aneurysm repair. In this case, a pseudoaneurysm 
had formed at the site of infection in the Teflon strips. 
We repaired the aneurysm by using a double internal 
patch of pericardium below with woven Dacron above 
(Figs. 4 and 5). 

In addition, we have performed intracavitary repair on 
four patients who were initially admitted for evaluation 
of cardiac transplantation. These patients had severe ven- 
tricular dysfunction characterized by large ventricular 
aneurysms, with an average preoperative ejection fraction 
of 14% (range, 10% to 20%). Each of the patients was 
successfully treated by this technique, thus avoiding the 
need for transplantation. Postoperative ejection fraction 
in these patients averaged 34.3%. Two of these patients 
are well and have resumed normal activities. Two patients 
died suddenly, one at 3 months and the other at 7 months 
after operation. 

The difficulty that remains for us is to define what con- 
stitutes a left ventricular aneurysm as opposed to dyski- 
nesia. Definitions vary, but most pathologists and surgeons 
agree that a ventricular aneurysm is a thin, stretched area 
of the ventricle, characterized by scarring and fibrous tis- 
sue. Many cardiologists, however, view the aneurysm as 





FIG. 4. Chest roentgenogram of a patient with a recurrent pseudoaneu- 
rysm caused by an infection that formed at the site of the Teflon felt 
strips. The patient had undergone three previous procedures. His aneu- 
rysm was successfully repaired by the intracavitary technique. 
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FIG. 5. Computed tomography scan of the patient with recurrent pseu- 
doaneurysm (see text and Fig. 4). 


that part of the ventricle that expands during systole, re- 
gardless of the type of tissue. Even among surgeons, there 
is disagreement regarding where an aneurysm stops and 
dyskinesia begins. In addition, aneurysmal size is seldom 
considered in analyses.'*?° As a result, it is difficult to 
compare postoperative function with patients who have 
undergone conventional repair.”' 

In summary, by preserving both the internal contour 
and the surface anatomy of the ventricle, intracavitary 
repair allows better physiologic function to be achieved 
in patients undergoing repair of left ventricular aneurysms. 
In addition, myocardial revascularization can be per- 
formed more easily, because buttresses are not used. We 
believe the technique can be used on all ventricular aneu- 
rysms, but is especially suited for large, diffuse aneurysms 
that are not amenable to plication or resection. Our results 
show that even the largest ventricular aneurysms are 
amenable to surgical repair, as long as active myocardium 
is demonstrated on ventriculography. 
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Dr. JOHN L. OCHSNER (New Orleans, Louisiana): I would like to 
open the discussion on this paper. It always amazes me how this Texas 
group can come up with these new techniques with such limited expe- 
rience. But they happen to do that from time to time. As Dr. Cooley 
said, this technique is similar to two others that have been described, 
both by Jatene and Dor, and yet has some advantages over those two 
techniques. As he said. it still stabilizes the ventricular contraction, and 
I do not think it seems to have any constraints on the diastolic enlarge- 
ment. Dr. Dor’s techn.que is very similar, but he cuts off the ventricular 
muscle because he thinks that allows better diastolic filling to occur, 
whereas closing it would constrain the diastolic size. But I think Dr. 
Cooley has shown very well that this does not occur, because there is 
enough tissue left over that it is very loosely held and the diastolic en- 
largement continues. This technique also has the advantages of lessening 
stress on the suture lire and decreasing hemorrhage, which is a problem 
in some of the other repairs. I was a little concerned or confused as to 
why, in the 100 cases that were in the elective group, there was a 22% 
use of the intra-aortic balloon pump, whereas in your paper you said in 
the last year you only used the intra-aortic balloon in 25% of even the 
very-high-risk group. Were the balloons used just as a prophylactic mea- 
sure, or were these people really in need of it? There obviously is a 
difference in the two zroups. But I would like to again compliment Dr. 
Cooley and his groug because I think this is really an improvement in 
the technique of repair of ventricular aneurysms and will help all the 
cardiac surgeons in their treatment. 


DR. ROBERT A. GUYTON (Atlanta, Georgia): Thank you, Dr. Ochsner. 
I appreciate the opportunity to discuss this paper and also the opportunity 
to review the paper tefore the meeting this morning. Dr. Cooley brings 
to us 33 years of experience with repair of ventricular aneurysm and 
more than 4500 aneurysm operations, which is outstanding, obviously 
the largest experience tn the world. I’m still searching — and I think we 
all are still searching — for the proper role of ventricular aneurysm 
repair. The decision in the case of the patient such as the one Dr. Cooley 
showed with the large grossly dyskinetic aneurysm is easy. But a more 
familiar and more difficult problem is a patient with three-vessel coronary 
disease, a moderate-sized akinetic or slightly dyskinetic apical aneurysm, 
and mixed symptoms of disabling angina and moderate congestive heart 
failure. It is easy to respond that the presence of a 4-cm, easily resectable 
apical aneurysm is sufficient reason for repair, particularly if one has 
developed an elegart operation such as the one presented here. But I 
have found out — and I know everyone else has ~~ that ventricular 
aneurysm repair is not without problems. | vividly remember one patient 
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in whom ventricular tachycardia was not a problem before operation, 
but after operation medically uncontrollable ventricular tachycardia led 
to that patient’s death. In this series, there were four patients whose 
intrahospital deaths were attributed to ventricular tachycardia. 

The second problem that I have encountered is systemic embolism 
after aneurysm repair in a patient who had no such problem before 
operation. Indeed, this patient had no intracavitary clot before operation. 
This is a fantastic series using an ingenuous new operation, but the overall 
mortality rate in 136 patients was 11%, and postoperative ventricular 
tachycardia was a problem. I am very eager to use the operaticn for large 
or dyskinetic aneurysms, but J remain uncertain about the moderate- 
sized ventricular aneurysm. 

I would ask the authors three questions. First, was postoperative ven- 
tricular tachycardia a recognized or difficult problem, and were prophy- 
lactic artiarrhythmic agents used? Secondly, because these Dacron grafts 
are obviously sealed by clot, was systemic embolism a problem, and was 
postoperative anticoagulation used? And finally I would ask the authors 
to discuss the management of a coronary bypass patient who has a 5- 
cm apical aneurysm with mild congestive heart failure. This aneurysm 
is easily repairable, and I would seek the authors’ help in deciding whether 
such repair is really in the best interest of my patients. I think this is a 
marvelous series, and I would like to thank the Association for the priv- 
ilege of discussing the paper. Thank you. 


Dr. MARTIN H. MCMULLAN (Jackson, Mississippi): Dr. Cooley and 
his group once again have demonstrated their technical wizardry. We as 
cardiac surgeons all benefit, as do our patients. I am particularly interested, 
however, in one subset of patients, and those are the patients with acute 
blowout rupture after myocardial infarction. We have had 11 of these 
patients since 1980. Four are long-term survivors. Obviously, this is an 
extremely critical situation, an emergency of the first order. Four of our 
patients died of brain death because of inadequate perfusion during the 
resuscitation phase as they proceeded to the operating room. One patient 
in particular provides us with some insight into Dr. Cooley’s technique. 
This patient underwent successful repair after rupture only to rerupture 
12 hours later. The wound was reopened in the intensive care unit. We 
had used the linear incision technique, and we found that the sutures 
had pulled through the myocardium where there had been extension of 
the infarction. All efforts at repair at this point were unsuccessful. 

I think had we used Dr. Cooley’s technique in this particular situation, 
this patient might well have survived. This prompts several questions, 
however. First of all, why are there no large series presented of ruptured 
hearts? We are told that 4% to 21% of all cardiac care unit deaths and 
autopsy series are due to rupture. We obviously have failed to raise the 
index of suspicion of our cardiologists sufficiently to call on us to intervene 
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in this most critical situation. Secondly, is it possible that percutaneous 
cannulation and emergency cardiopulmonary support may allow us to 
intervene and prevent that greatest and gravest of all complications, brain 
death? Thirdly, how does one handle the posterior rupture, or for that 
matter, the posterior ventricular aneurysm, in the region of the papillary 
muscles, where the intracavitary repair may be technically much more 
difficult? And, finally, are there any contraindications to this intracavitary 
technique? I’ve enjoyed the paper immensely, and I think it is a tre- 
mendous contribution in this area, Thank you. 


Dr. O. HOWARD FRAZIER (Closing discussion): Thank you, Dr. 
Ochsner. We appreciate your kind remarks on Dr. Cooley’s presentation. 
To Dr. Ochsner, I would say that the intra-aortic balloon pump is used 
liberally at our institution, at the discretion of the surgeon, and is generally 
believed to be helpful. We have found it particularly useful in patients 
who undergo left ventricular aneurysmectomy. 

Dr. Guyton’s questions are very pertinent. We believe that the en- 
doaneurysmorrhaphy technique actually minimizes ventricular arrhyth- 
mias, and so far, compared with prior techniques, we have found ar- 
rhythmias to be less of a problem. We have not seen embolization from 
the Dacron patch, even though we do not use postoperative anticoagu- 
lation. We think that this technique is also of some benefit in a case of 
postoperative rupture, because it reduces some of the tension on the 
friable ventriculotomy, so we advocate the use of endoaneurysmorrhaphy 
in this group of patients. 

Particularly, this technique might have been of some benefit in the 
case of the patient Dr. McMullan presented. Ventricular rupture is a 
common, fatal complication of acute myocardial infarction. We are not 
sure why we do not see aS many instances of rupture as some other 
institutions. Part of the reason may be that our institution is not an acute 
emergency hospital. Of course, the posterior ventricular repair is a prob- 
lem, but I think this technique, which preserves intraventricular volume, 
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allows for an easier repair of that less common form of ventricular aneu- 
rysm. 

Assessing and treating the failed myocardium remains one of the 
greatest challenges for the cardiac surgeon today. Cardiac transplantation 
is currently the best therapeutic option for this problem. All physicians 
in the cardiac transplant field recognize the statistical limitations of this 
treatment in the patient with heart failure. Heart transplantation cannot 
be used to treat all patients who are dying of heart failure. On the average, 
only 6 donor hearts are available each day in the United States for the 
more than 2000 patients awaiting heart transplants. In 1990, the average 
waiting time for a heart transplant recipient with type O blood was 284 
days, and the waiting time for status 2 heart transplant candidates (those 
who are outpatients) was 422 days. We used to think that people should 
be accepted for a heart transplant only if they had a high likelihood of 
dying within 1 year, but the average waiting time for status 2 patients is 
longer than a year. For status | patients (those who are in the intensive 
care unit), the average waiting time was 49 days, and each day of care 
in the intensive care unit costs approximately $4000. In addition, there 
is a problem with long-term survival after heart transplantation. 

As a result of all of these problems, we have carefully evaluated each 
transplant candidate to determine the most effective treatment. In 41 of 
the 800 patients who have been referred for cardiac transplant evaluation, 
we have performed conventional rather than transplant surgery. In four 
of these patients, we used the endoaneurysmorrhaphy technique to repair 
a ventricular aneurysm. All four patients were discharged, and their av- 
erage left ventricular ejection fraction improved from 14% to 34%. 

I believe that the donor heart shortage and financial limitations of 
heart transplantation will continue to challenge the cardiac surgeon. Until 
we have more successful mechanical replacements for the heart, the car- 
diac surgeon must continue to search for alternative surgical methods 
for treating the failing native heart. 

Thank you very much. 
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Six hundred ninety-nine patients have required emergency cor- 
onary artery bypass after failed elective percutaneous coronary 
angioplasty during the decade September 1980 through Decem- 
ber 1990. This represents 4% of 9860 patients having 12,146 
elective percutaneous coronary angioplasty procedures during 
this interval. Emergency coronary artery bypass was required 
for acute refractory myocardial ischemia in 82%. Hospital mor- 
tality rate for all patients was 3.1%; 3.7% in patients with re- 
fractory myocardial] ischemia but 0.8% in patients without re- 
fractory myocardial ischemia, p = 0.08. Postprocedural Q-wave 
myocardial infarctions were observed in 21% versus 2.4%, p 
< 0.0001, and intra-acrtic ballon pumping was required in 19% 
with versus 0.8% without refractory myocardial ischemia, p 
< 0.0001. Multivesse: disease, p = 0.004, age older than 65 
years, p = 0.005, and refractory myocardial ischemia, p = 0.08, 
interacted to produce the highest risk of in-hospital death. Fol- 
low-up shows that there have been 28 additional late deaths, 
including 23 of cardiac causes for a 91% survival at 5 years. 
Freedom from both late death and Q-wave myocardial infarction 
at 5 years was 61%. In the group going to emergency coronary 
artery bypass with refractory myocardial ischemia, the late car- 
diac survival was 90%, and in those without ischemia, 92% at 5 
years, p = not significant. The MJ—free survival in the group 
with refractory ischemia, however, was 56% versus 83% in the 
group without ischemia, p < 0.0001. Multivariate analysis 
showed the highest late event rates for patients with Q-wave 
myocardial infarction at the initial emergency coronary artery 
bypass, age older than 65 years, angina class III or IV, and prior 
coronary bypass surgery. In spite of a continuing high incidence 
of early acute myocardial infarction and an increasing operative 
mortality rate (7%) ir the latest 3 years cohort of patients, ex- 
cellent late survival and low subsequent cardiac event rates dem- 
onstrate the lasting effectiveness of prompt, successful emergency 
coronary bypass surgery for failed percutaneous coronary an- 
gioplasty. 


Presented at the [03rd Annual Scientific Session of the Southern Sur- 
gical Association Hot Springs, Virginia, December 1-5, 1991. 

Address reprint requests to Joseph M. Craver, M.D., The Emory Clinic, 
1365 Clifton Road, NE, Atlanta, GA 30322. 

Accepted for publication January 31, 1992. 


AOL 


and CHARLES R. HATCHER, JR., M.D. 


From the Joseph B. Whitehead Department of Surgery, 
Division of Cardio-Thoracic Surgery, Emory University 
School of Medicine, Atlanta, Georgia 


NDREAS GRUENTZIG VISITED Emory University 

in 1978, while he was still living in Zurich, when 

balloon dilatation of the coronary arteries was 
still in its infancy. During that visit he spent time with 
our surgical team and said, “For a successful coronary 
angioplasty program, good cardiology is important; but, 
superior cardiac surgery is essential.” We were pleased 
that shortly he joined our faculty, where he taught, 
worked, and practiced until his tragic death in 1985. This 
report analyzes the first 10 years of emergency surgical 
support for patients in whom elective percutaneous cor- 
onary angioplasty (PTCA) resulted in an acute failure re- 
quiring emergency surgical revascularization. 


Methods 


During the interval September 1980 through December 
1990, 9860 patients underwent 12,146 elective PTCA 
procedures. Six hundred ninety-nine (699) of these ex- 
perienced failure of balloon dilatation and were thought 
by the interventional cardiology team to require emer- 
gency coronary artery bypass surgery (ECAB). Five 
hundred twelve (82%) experienced an acute closure syn- 
drome with acute myocardial ischemia that was refractory 
to all medical, pharmacologic, and angiocatheterization 
techniques. Chest pain, acute ischemic changes on elec- 
trocardiogram, and varying degrees of hemodynamic in- 
stability marked this acute ischemia episode. An addi- 
tional 129 (18%) patients were sent for ECAB who did 
not experience acute ischemia but in whom the PTCA 
had failed, and the patient was left with more than 50% 
stenosis in the target vessel. All these nonischemic patients 
had an extensive area of myocardium at jeopardy beyond 
the critical lesions that were believed to be hemodynam- 
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ically compromised or at increased risk of acute closure 
due to the PICA manipulations. | 

Thirty per cent of patients having elective PTCA in 
1980 were referred for ECAB. In the second year that 
number dropped to 14%. In the subsequent 9 years, 4% 
to 6% of PTCA patients have required ECAB. 


PTCA Technique 


All PTCA procedures were performed using standard 
techniques, which have been previously described.’ All 
patients received aspirin 325 mg and most a calcium 
channel-blocking agent (nifedipine 10 mg three times daily 
or diltiazem 30 to 60 mg daily) orally before the PTCA 
procedure unless a prior history of an adverse or hyper- 
sensitivity reaction was present. Before attempted balloon 
dilatation, diazepam 5 to 10 mg, atropine 0.6 to 1.0 mg, 
and heparin 10,000 to 15,000 units were given intrave- 
nously. 


Surgical Backup Protocol 


In the first 2 months of this experience, one operating 
room was kept open and fully staffed with perfusion, car- 
diac anesthesia, surgical, and nurse teams available any 
time a PTCA was performed. In subsequent months and 
years there has been no formal coordination between the 
PTCA and operating room surgical schedules. When an 
acute closure episode after PTCA indicated the need for 
ECAB, that patient was accommodated in the next avail- 
able operating room (four rooms dedicated per day to 
cardiac surgery at Emory and two per day at Crawford 
Long). 

The ECAB was performed by the next available surgeon 
and team. Coordination of this effort was the responsibility 
of the cardiac anesthesiologist in charge for the day. Details 
regarding this ECAB protocol, cardiopulmonary bypass 
techniques, and anesthesia techniques for this risk group 
have been detailed in earlier articles.?~* 


Acute Closure at PTCA 


The hemodynamic consequences of acute closure of a 
major coronary artery varied widely from profound car- 
diogenic shock to only a mild drop in blood pressure. As 
soon as acute closure was experienced during a PTCA, 
pharmacologic and angiocatheter measures were instituted 
in attempts to reopen the closed vessel, reverse the isch- 
emia, and to support the patient’s circulation. The ability 
to maintain even a small amount of blood flow across the 
injured area was seen to be beneficial. Therefore, splinting 
the injured zone with the guide wire and more recently 
an intraluminal stent? (Gianturco—Roubin Stent, Cook 
Inc., Bloomington, IN) or providing an internal transle- 
sion flow of blood using a passive autoperfusion catheter 
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reduced the effect of acute ischemia® (Stack Perfusion 
Catheter, Advanced Cardiovascular System, Mountain 
View, CA). When ischemia persisted despite early mea- 
sures having been employed, support of the patient using 
intra-aortic balloon counterpulsation (IABP) was insti- 
tuted in the angioplasty suite. The value of IABP in this 
situation was recognized early, and a balloon console was 
located in the PTCA suite with personnel experienced in 
its use available.” 


Coordination of ECAB 


When it appeared that a patient required ECAB, the 
cardiac anesthesiologist in charge of the operating room 
schedule for the day was notified. This person would then 
coordinate where the patient could be accommodated and 
which anesthesia, surgical, nursing, and perfusion teams 
would be involved. An anesthesia team would be dis- 
patched to the PTCA suite to assist with resuscitation, 
institute monitoring, provide ventilatory support, and as- 
sist with transportation of the patient to the operating 
suite.’ 


Emergency Surgery Protocol and Cardioplegia 


Time of ischemia remains the critical factor. Therefore, 
rapid induction of anesthesia and institution of cardio- 
pulmonary bypass was sought for all patients, but es- 
pecially for those with hemodynamic compromise. Ex- 
tracorporeal circulation was instituted by standard 
techniques? and perfusion was maintained at 2.0 to 2.4 
L/minute/m. Systemic hypothermia (30 to 20 C), topical 
hypothermia, and cold potassium crystalloid or blood 
cardioplegia were used for myocardial protection. Prompt 
revascularization of the suspected (and often obvious) 
ischemic zone was performed first. This usually involved 
placing the first vein bypass graft to the injured vessel to 
deliver cardioplegia or oxygenated blood past the ob- 
structed zone to the distal ischemic myocardium.”? The 
normal antegrade delivery of cardioplegia through aortic 
root injection often did not reach the compromised area 
because of the complete occlusion of the proximal arterial 
segment and lack of distal collateral vessels. When a guide 
wire, autoperfusion catheter, or stent was left across the 
injured zone, antegrade delivery of cardioplegia was more 
effective. In these cases, the guide wire or autoperfusion 
catheter was removed only after the initial administration 
of cardioplegia was completed. The injured zone was re- 
vascularized first with infusion of cold oxygenated crys- 
talloid or blood cardioplegia down each completed graft. 
More recently, the administration of continuous warm 
blood cardioplegia retrograde through an indwelling cor- 
onary sinus catheter has been employed.® After comple- 
tion of all bypass grafts required, the patient was allowed 
to rest on cardiopulmonary bypass for an interval with 
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the heart beating but empty. This allowed time for reversal 
of the effects of the acute ischemia. If IABP had been 
employed before operation, it was continued for at least 
until the first postoperative day even if the patient’s early 
hemodynamic recovery indicated that it was not needed. 


Selection of Bypass Conduits 


Reversed saphenous vein grafts were preferred for most 
patients and for virtually all patients who arrived in the 
operating room with ongoing myocardial ischemia. Min- 
imizing the time for revascularization and the ability to 
infuse oxygenated cardioplegia and blood through a com- 
pleted vein graft intc the distal circulation were obvious 
advantages for vein grafts and not available if an in situ 
internal mammary artery was used as the conduit for 
ECAB. 


Data Collection 


Baseline and restudy demographic, clinical, angio- 
graphic, and procedural data, including complications, 
were recorded prospectively by physicians on standardized 
forms and entered into a computerized database. Follow- 
up information was dbtained by telephone interviews of 
the patients or their referring physicians. Follow-up in- 
formation included occurrence of myocardial infarction 
since the initial PTCA, subsequent need for an additional 
revascularization procedure (PTCA or coronary artery 
bypass graft surgery [CABG]), or death (cardiac or non- 
cardiac). All follow-up information was recorded on stan- 
dardized forms and entered into the computerized data- 
base. In addition, all events noted on forms entered into 
the database from hospitalization after the initial revas- 
cularization was recorded. Follow-up was 98% complete. 


Statistical Analyses 


Differences in categorical variables were analyzed by 
chi square, and differences in continuous variables were 
analyzed by Student’s t tests. Overall survival and event- 
free survival were determined by the Kaplan-Meier 
method,’ and probability was expressed as the mean 
+ standard error of the estimate. Overall survival and 
event-free survival analyses were performed on the total 
population, as well as on the subgroups. Endpoints ana- 
lyzed included (1) survival, (2) freedom from myocardial 
infarction, (3) freedom from coronary artery bypass sur- 
gery, and (4) freedom from repeat PTCA. Comparisons 
of total and event-free survival were made using the Man- 
tel-Cox method.!° Correlates of late events were deter- 
mined by the Cox proportional hazards model.!! For Cox 
model analyses, continuous covariates were not broken 
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into groups. All statistical analyses were performed with 
BMDP statistical software (Los Angeles, CA). 


Results 


In September 1980, the practice of PTCA began at 
Emory University. Through December of 1990, 9860 pa- 
tients had undergone 12,146 elective PTCA procedures. 
Emergency coronary artery bypass was required in 699 
(5.8%), with 574 (82%) having ECAB for ongoing acute 
myocardial ischemia. Hospital death occurred in 22 
(3.1%), with 21 of these in the patients having acute isch- 
emia (p = 0.097). New Q-wave myocardial infarction (Q- 
MI) occurred in 126 (18%) patients and was also concen- 
trated in the ischemia group (123/574 versus 3/125, p 
< 0.0001). 


Ischemia Status at ECAB 


Table | presents clinical descriptors for those patients 
having ECAB divided by the ischemic status at the time 
of ECAB. No clinical factor could be used to predict the 
occurrence of acute ischemia at PTCA. Table 2 presents 
the surgical procedural results analyzed by the patient’s 
ischemic status at the time of ECAB. The need for IABP, 
the occurrence of a new Q-MI, and an extended in-hospital 
recovery were highly significant if the patient had ECAB 
during acute ischemia. Death also occurred more fre- 
quently, but at a lower level of significance. 


SVD Versus MVD 


The pcpulation’s clinical descriptors are analyzed by 
the presence of single-vessel coronary disease (SVD) versus 
multiple-vessel coronary disease (MVD) in Table 3. Those 
patients with MVD have a significantly higher incidence 
of all less favorable clinical characteristics that are known 
to increase operative risks. Table 4 presents the surgical 
procedural results analyzed by the presence of SVD or 
MVD. Those patients with MVD are seen to have a very 
significantly higher incidence of death, stroke, IABP usage, 
and required more bypass grafts. The incidence of Q-MI 
was not different for the two groups. 


TABLE 1. Clinical Descriptors Analyzed by Ischemic Status 
at Time of Emergency Coronary Bypass Surgery 


Descriptor Ischemic Nonischemic p 
N 574 125 
Age > 60 yr 28 31 NS 
High blood pressure 42% 48% NS 
Diabetes 15% 14% NS 
CL III-IV 65% 65% NS 
Ejection fraction > 50% 59% 61% NS 
MVD 38% 41% NS 


NS, not significant; CL, Canadian Cardiovascular Society Classifica- 
tion; MVD; multivessel disease. 
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TABLE 2. Surgical Results Analyzed by Ischemic Status 
at Time of Emergency Surgery 





Surgery Ischemic Nonischemic p 

N 574 125 
Grafts (mean) 20k 1 ALEJ NS 
Intra-aortic balloon pump 19% 0.8% < 0.0001 
Q-wave myocardial 

infarction 21% 2% < 0.000! 
Stay (days [mean]) 9.6 + 10 7.5 #2 < 0.0001 
Death 3.7% 0.8% 0.09 





NS, not significant. 


Year of Operation 


Table 5 presents the clinical descriptors of this popu- 
lation divided into three separate cohorts by the years of 
their operations. Clinical factors that increase risk were 
observed to occur at a significantly increased incidence 
as the years of this surgical experience progressed. Table 
6 presents the surgical procedural results divided into three 
cohorts by years of operation. The grafts required per pa- 
tient and the incidence of hospital death have increased, 
but the need for IABP and occurrence of Q-MI were not 
different within the 3 cohorts. Of interest is the fact that 
a significantly higher number of patients presented with 
acute refractory ischemia in the first two cohorts of pa- 
tients. 


Hospital Death 


Univariate and multivariate correlates of in-hospital 
death are presented in Table 7. Multiple-vessel coronary 
disease and the more recent years of operation were highly 
significant in both categories. No other clinical descriptors 
achieved significance in multivariate analysis. Table 8 
presents additional clinical descriptors, all of which were 
univariate predictors of increased risk of hospital death. 


Late Results 


Actuarial curves of the 5-year survival and freedom 
from events are displayed in Figure 1. After the initial 


TABLE 3. Clinical Descriptors Analyzed by Vessel Disease Status 


Descriptors/Vessel Disease SVD MVD p 

N 432 267 

Age > 60 yr 26% 32% 0.05 
Male 71% 82% 0.0007 
Prior myocardial infarction 30% 45% < 0.0001 
Diabetes 12% 18% 0.016 
Ejection fraction < 50% 8% 25% < 0.0001 
Multisite PTCA 15% 29% < 0.0001 


SVD, Single vessel disease; MVD, multivessel disease; PTCA, per- 
cutaneous transluminal coronary angioplasty. 
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TABLE 4. Surgical Results Analyzed by Number of Vessels Diseased 


Surgery/Vessel Disease SVD MVD p 
N 432 267 
Grafts L7+ 8 25214 < 0.0001 
Intra-adrtic balloon pump 12% 22% 0.001 
Q-wave myocardial infarction 18% 19% NS 
Stroke 0.2% 2.3% 0.009 
Death 1.4% 6.0% 0.0007 


SVE, single vessel disease; MVD, multivessel disease; NS, not signif- 
icant. 


hospizal mortality rate, the survival rate falls very grad- 
ually, with 91 + 1% alive 5 years after ECAB. Myocardial 
infarction—free survival is seen to be 61 + 2% at 5 years, 
with most Q-MIs occurring during the initial hospitaliza- 
tion. Only 26 patients are known to have experienced the 
late eccurrence of Q-MI. After discharge, the need for 
subsequent PTCA or repeat CABG was low, 33 and 23 
patients, respectively. 

Five-year survival curves analyzed by age at time of 
ECAE show a significant advantage for those younger than 
60 years of age (p < 0.0001, Fig. 2). Five-year survival 
was 94% under the age of 60 years and 81% over the age 
of 60 years. 

Myocardial-infarction—free 5-year survival is analyzed 
in Figure 3 and shows a wide disparity between those who 
came to ECAB ischemic versus those who are not isch- 
emic, p < 0.0001. Myocardial infarction-free survival at 
5 years was 56% in the group with acute ischemia versus 
83% in the group without acute ischemia. 

Univariate and multivariate correlates of late survival 
are presented in Table 9. Age older than 60 years at the 
time of ECAB and the presence of MVD were found to 
be significant correlative detrimental factors for 5-year 
survival by both analyses. Other descriptors achieving only 
univaziate significance in reducing survival at 5 years after 
ECAE were presence of diabetes, congestive heart failure, 
reduced ejection fraction, and more recent year of ECAB. 


Discussion 


The data presented in this paper demonstrate that 
prompt ECAB has been successful in rescuing patients 
who experience acute closure after PTCA. Eighty-two per 
cent (62%) presented to ECAB with refractory myocardial 
ischemia in spite of full pharmacologic and angiocatheter 
techniques to reverse the acute ischemia. The operative 
mortality rate unfortunately has shown a significant in- 
Crease in the most recent 3-year cohort of patients, (0.5% 
versus 2.4% versus 7.1%, p = 0.0008). This is observed to 
have resulted from the more recently operated patients 
being dIlder with a higher incidence of multivessel disease 
and clinical descriptors that increase operative risks: di- 
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TABLE 5. Clinical Descriptors Analyzed by Year of Emergency Bypass Surgery 
Descriptor/Y ear 1980-1983 1984-1987 1988-1990 p 

No./total PTCA 187/2763 330/4943 182/4440 

Age (yr [mean]) 5649 57-10 60 + 10 < 0.0001 

Age > 60 yr 21% 28% 37% 0.003 

Ejection fraction < 50% 8% 16% 20% 0.019 

Hypertension 35% 44% i 50% 0.008 

Diabetes 10% 13% 21% 0.01 

MVD 28% 38% 48% < 0.0004 

CL II-IV angina 54% 68% 68% 0.002 


MVD, multivessel disease; CL, Canadian Cardiovascular Society Classification; PTCA, percutaneous transluminal coronary angioplasty. 


abetes, hypertension, active ischemia, reduced ventricular 
function, prior CABG surgery, class HI and IV angina 
status before PTCA. All of these clinical descriptors were 
correlated with an increased risk of in-hospital death and 
late death by univariate analysis. Killen et al.'* noted five 
univariate correlates of in-house mortality rate: emergency 
coronary bypass surgery, intractable cardiac arrest before 
ECAB, multivessel disease, prior coronary bypass surgery. 
and preoperative cardiogenic shock. Their data correlate 
well with the current report and emphasize a high inci- 
dence of severe hemodynamic collapse associated with 
the acute closure syndrome after PTCA and thus the need 
for immediately available surgical backup. 

The only univariate (p < 0.0001) and multivariate (p 
< 0.001) correlate of both nonfatal myocardial infarction 
or in-hospital death in the current report was the presence 
of active ischemia at the time of ECAB. This factor cor- 
responds to and likely produced the events of hemody- 
namic collapse described in Killen et al.’s report.'* 

In a report from the Mayo Clinic,'? of 145 patients who 
required ECAB within | hour after ECAB, 62% had active 
ischemia or continuing angina and 23% were hemody- 
namically unstable, requiring inotropic drug or IABP 
support. All the deeths (2.7%) were from the latter group, 
and 39% had a new Q-MI. They did not observe any dif- 
ference related to SVD or MVD. 

A report has been published from the Cleveland Clinic 
in which they analyzed 198 patients who experienced fail- 
ure of PTCA out of a total of 2677 elective PTCA pro- 
cedures.'* This patient population and results parallel 
those seen in our second 3-year cohort. Of particular in- 


terest in this report, however, are 68 of the 198 that were 
managed medically after failed PTCA. Why some patients 
were relegated to medical therapy is not clarified, but it 
is suggested that they were generally older with more cor- 
onary disease. Compared with the surgical group, the 
medically treated group experienced a higher acute mor- 
tality rate, 3% versus 6%, and a higher late mortality rate 
at 4 years, 1% versus 4%. In addition, 24% of the medically 
treated group required late CABG or repeat PTCA, which 
was a far higher rate than observed in their surgically 
treated patients and in those treated with ECAB in our 
report as well. This poorer outcome with medical treat- 
ment emphasized the serious late hazards related to an 
unsuccessful PTCA procedure and the benefit of surgical 
revascularization. 

Even though there is a higher hospital death rate in the 
more recent 3-year cohort, it is interesting that fewer of 
them presented to ECAB with refractory myocardial isch- 
emia than did those in the first 3-year cohort, p = 0.0002. 
This may seem contradictory. However, the preponder- 
ance of SVD patients in the first cohort produced a high 
incidence of acute ischemia when acute closure occurred 
due to the lack of collateral vessels in SVD, in comparison 
with the more extensive collateral vasculature often pres- 
ent in MVD. It follows then that once the acute myocar- 
dial ischemia is corrected by ECAB, this younger group 
with less negative risk factors should rebound more 
quickly with low operative mortality rate. In contrast, even 
though fewer MVD patients presented with acute refrac- 
tory ischemia, the ECAB required a more extensive pro- 
cedure with more grafts per patient, and their incidence 


TABLE 6. Surgical Results Analyzed by Year of Emergency Bypass Surgery 


Surgery 1980-1983 
Grafts (mean) 1827 
Ischemia 27% 
Intra-aortic balloon pump 14% 
Q-wave myocardial infarction 18.7% 
Death 0.5% 


NS, not significant. 


1984-1987 1988-1990 p 
2A feel < 0.0001 
16% 11% 0.0002 

14% 19% NS 

20% 14% NS 
2.4% 7.1% 0.0008 
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TABLE 7. Univariate and Multivariate Correlates of Hospital Death 


Univariate Multivariate 
N Rate p p x? 

SVD 422 1.4 
MVD 267 aol 0.0007 < 0.001 11.26 
Operative Year 

Early 186 0.5 

Mid 322 2.4 } 0.0008 0.051 3.80 

Recent 169 TA 


SVD, single vessel disease; MVD, multivessel disease. 


of Q-MI and need for IABP was the same. It was observed 
that when these older patients died, they often had re- 
covered their cardiac stability with ECAB, only to die 
later of complications in other systems due to insults re- 
lated to the ischemic episode. This higher rate of hospital 
mortality was not observed in other reports, which have 
focused on the earlier years of ECAB for failed PTCA.!?*© 


Ischemia Status at ECAB 


Careful analysis of those patients presenting for ECAB 
disclosed no clinical descriptors that could predict the oc- 
currence of acute closure producing refractory ischemia 
at PTCA. Ischemia status at ECAB, however, was a strong 
predictor of periprocedural Q-MI, need for IABP, pro- 
longed hospital stay, hospital death, and a less favorable 
5-year survival. There remains a controversy as to how 
persistent the interventional cardiology team should be 
in trying to correct the acute ischemia. Prolonged efforts 
in the catheterization laboratory to reopen a closed vessel 
by more dilatation efforts, placement of stents, infusion 
therapy, etc., can result in delaying the benefits that can 
be obtained by prompt ECAB. Such delays are often to 
no avail and can result in the ECAB being performed in 
the face of an established myocardial infarction rather 
than just acute ischemia. Our surgeons would prefer to 
have the patient. be moved promptly to ECAB if early 
angiocatheter efforts are unsuccessful. Having only the 
catheter guide wire remain across an acutely closed area 
has been seen often to allow enough coronary blood flow 


TABLE 8. Univariate Correlation of Hospital Death 


Present/Absent 
Univariate N (%) p 
Ischemia 533 3.7/0.8 0.09 
Diabetes 100 6.0/2.7 0.07 
PTCA = 2 vessles 31 11.4/2.7 0.004 
Ejection fraction < 50% 74 8.1/3.2 0,047 
CL I-IV 18 4.0/0.6 0.08 
Prior coronary artery bypass 
graft 4 6.8/2.8 0.9 


PTCA, percutaneous transluminal coronary angioplasty; CL, Canadian 
Cardiovascular Society Classification. 
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Fic. 1. Actuarial curves showing freedom from death, myocardial in- 
farction, repeat bypass surgery, or subsequent PTCA. 


to statilize a hemodynamically compromised patient. The 


patienti then can have a more orderly conduction of 
ECAB, even though some degree of ischemia may still be 
present. We have had a similar beneficial result with an 
autoperfusion catheter spanning the injured zone.° Intra- 
luminal stents’ when they can be placed quickly and suc- 
cessfully have been of dramatic effect in improving acute 
ischemia. However, their placement can be costly in time 
and is frequently unsuccessful even with insertion at- 
tempts by skilled personnel. Stents when successful may 
avoid zhe need for ECAB, especially if a small zone of 
myoca-dium is at jeopardy. However, this judgment needs 
to be carefully studied because the early and late problems 
with stents and their need for permanent anticoagulation 
are significant. !6 


Multivessel Disease 


There was demonstrated an increased incidence of 
clinical descriptors that adversely effect operative risks in 
patients with MVD compared with SVD. These included 
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Fic. 3. Actuarial curves showing survival free from myocardial infarction 
analyzed by the presence or absence of acute ischemia at the time of 
emergency bypass surgery. 


age older than 60 vears, prior Q-MI, diabetes, reduced 
ejection fraction ard multisite PTCA. All were signifi- 
cantly higher in MVD than SVD. Although each worked 
independently in univariate analysis to increase the risk 
of hospital death, only MVD and the more recent 3-year 
cohort proved valic as multivariate correlates of in-hos- 
pital death. The presence of MVD alone was the single 
strongest marker (univariate p = 0.0007 and multivariate 
p = 0.001) for in-hospital death. One would surmise that 
the presence of MVD in the heart circulation makes it 
likely that there is advanced vascular disease throughout 
the patient in general. This then can help explain the in- 
creased incidence of other clinical descriptors having a 
negative effect and the observation of cardiac recovery, 
but with death due to another system’s failure. 

The data demonstrate that the factors of multivessel 
disease, age older than 60 years, and active ischemia at 
ECAB work in concert to produce the highest risk of in- 
hospital death. 
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Late Survival 


The 5-year actuarial survival was found to be affected 
most strongly by the patient’s age older than 60 years at 
time of ECAB (univariate p < 0.0001 and multivariate p 
< 0.001). The presence of MVD versus SVD was corre- 
lated with less favorable survival. Other factors and year 
of ECAB, diabetes, congestive heart failure, and reduced 
ejection fraction worked actively but only in a univariate 
correlation and at a lesser degree of significance. 

The 5-year survival and event-free rates for this pop- 
ulation who required ECAB compares well with a study 
reported by Weintraub et al!” of patients with two-vessel 
disease who had PTCA or CABG surgery as primary re- 
vascularization. In this study, they observed a 5-year sur- 
vival of 0.94; myocardial infarction (MI)-free survival, 
0.82; MI and late CABG-free survival 0.71; and MI, 
CABG, and repeat PTCA-free survival 0.49 after revas- 
cularization by PTCA alone. The data for primary surgical 
revascularization were: 5-year survival 0.89, MI-free sur- 
vival 0.81, MI- and CABG-free survival 0.79, and MI-, 
CABG-, repeat PTCA-free survival 0.74. The multivariate 
correlation of advanced age, prior Q-MI, and presence of 
congestive heart failure, which occurred at significantly 
higher rates in the surgical group, resulted in 5-year sur- 
vival and Q-MI-—free survival curves that are superim- 
posable for PTCA and the surgical groups. The PTCA 
group, however, had a much greater incidence of late 
events, CABG, and repeat PTCA. These data on primary 
revascularization for double-vessel disease patients are 
seen to be similar to those seen in our patients who require 
ECAB after PTCA, except that the incidence of Q-MI was 
much higher with the infarctions clustered around the 
initial PTCA and ECAB procedures. Emergency coronary 
artery bypass was not seen in the current report to have 
adversely effected the 5-year survival, but was shown to 
have substantially poorer late event-free curves when 
compared with elective surgical revascularization. 


TABLE 9. Univariate and Multivariate Correlates of Late Survival 


Univariate Multivariate 
5-yr Survival p x? p xe 

Age 

< 60 yr 0.94 < 0.0001 45.6 < 0,001 45.6 

> 60 yr 0.81 
SVD 0.93 0.024 5.08 0.047 3.94 
MVD 0.87 
Year 

Early 0.94 0.007 7.09 NS _ 

Mid 0.92 
Diabetes + 0.84/0.92 0.054 3.70 NS 
Ejection fraction < 0.5,> 0.5 0.77/0.90 0.078 3.11 NS m 
Congestive heart failure + 0.82/0.91 0.046 — — 


SVD, single vessel disease; MVD, multivessel disease; NS, not significant. 
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The current data after ECAB correlated well with that 
presented by Weintraub et al.!’ for primary PTCA. This 
was in contrast to a report from the Mayo Clinic in which 
patients who require ECAB after PTCA had 5-year cu- 
mulative risks of recurrence of angina and need for ad- 
ditional procedures (PTCA or CABG) that were signifi- 
cantly lower (p < 0.05) than for patients who had suc- 
cessful PTCA.'? Cumulative risks of death and Q-MI were 
also better in patients who had undergone ECAB. The 
differences were concentrated in the early years after pro- 
cedure and related to MVD and most strongly to incom- 
plete revascularization. Talley et al.!° compared the late 
results after ECAB post-PTCA with those observed in the 
randomized portion of the Coronary Artery Surgical 
Study. They concluded that the 5-year results obtained 
compared well with the CASS results of elective surgery 
despite the failed PTCA procedure if the patient had un- 
dergone prompt ECAB and did not develop a Q-MI. Our 
current study would support their conclusion and yet 
would recommend caution in undertaking PTCA in pa- 
tients with multivessel disease and advanced age. The 
ability to rescue that group with ECAB and obtain a result 
that compares with those of primary surgical revascular- 
ization appear limited.! Talley et al. observed that the 
required ECAB after failed PTCA, if Q-MI does not occur, 
has a minimal negative effect on long-term survival.?° 

The increasing mortality rate and lower survival rate 
seen in patients with MVD and advanced age recalls an 
editorial statement by Friesinger’’: “The elements needed 
to achieve an excellent outcome for failed PTCA in elec- 
tive patients includes careful patient selection, experienced 
high volume operators, and readily available expert sur- 
gical backup.” Although the results presented in this report 
are considered still quite satisfactory and the incidence of 
serious problems “acceptably” low, one must wonder if 
these can be duplicated in the PTCA practice at large.?°*! 
The trend in PTCA procedures and practice seems to be 
that of dispersion with more and more complex patients” 
being treated by PTCA in smaller hospitals by operators 
who are less experienced and perform PTCA much less 
frequently than those whose work and results appear in 
the literature.”? With the documented increased mortality 
rate and risk of ECAB as well as the other complication 
of PTCA (femoral artery hemorrhage and false aneurysm, 
cardiac perforation and tamponade, stroke, sudden death, 
etc.), one must query as to whether many of these elective 
patients would not be better off with medical treatment 
alone or elective surgical coronary revascularization. The 
trend to push application of PTCA for more difficult cases 
certainly warrants rethinking of Fresinger’s admonition 
about patient selection and who should be doing the pro- 
cedure. The randomized trials”* currently underway in 
many centers (EAST, BARI, CABRI, GABI, and RITA) 
may help address this issue. They will still reflect the ex- 
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perience of major medical centers, however, and not that 
of the medical community at large. Whether results ob- 
tained in such centers can be extrapolated to recommend 
guide_ines for the PTCA practice at large is quite uncer- 
tain. The current data are clear that if PTCA is to be done, 
immediate and skillful surgical backup is essential. Emer- 
gency coronary bypass surgery can be expected to provide 
rescue with excellent early and lasting results in this often 
despezately ill subset of patients after PTCA. 


Summary and Conclusion 


A 10-year experience with emergency bypass surgery 
support in 699 patients after failed elective PTCA is pre- 
sented and analyzed in detail. The overall operative mor- 
tality zate was 3.1%, incidence of new Q wave MI 18%, 
and actuarial 5-year survival, 91%. 

Therefore the authors conclude that: 


(1) Emergency coronary artery bypass has proven suc- 
cessful in rescuing patients who experience acute clo- 
sure after elective coronary angioplasty. 

(2) Emergency coronary artery bypass has been per- 
formed with a low operative mortality rate; however, 
the most recent 3-year cohort has had an increased 
mortality rate due to increased patient age and less 
favorable clinical characteristics. 

(3) The late results of this 10-year experience show the 
benefits of emergency bypass are excellent and further, 
these patients have rare need for additional interven- 
tional therapy or subsequent bypass surgery. 
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DR. IRVING L. KRCN (Charlottesville, Virginia): Dr. Ochsner, Dr. 
Jones, Members and Guests, I appreciate the opportunity to discuss this 
excellent paper. Dr. Craver and his group at Emory have clearly been 
leaders in new techniques and technology regarding coronary revascu- 
larization. Their results for salvaging patients after failed angioplasty are 
the gold standard in the field today. I looked up our own results, and 
my mortality rate over the last 2 years for isolated coronary revascular- 
ization, taking all comers, including redo, runs 1.2%. Emergency bypass, 
however, for catheter -aboratory failures in our group has a mortality 
rate of about 5%, and we have not been able to reduce it. Deaths often 
are not related to carciac failure. Frequently, the problems that occur 
are related to failure of other organ systems due to the hypotensive ep- 
isode. In some ways, Dr. Craver’s results really are a disservice to us. It 
has given their cardiologists the confidence to approach and perform 
angioplasty in settings in which most of us would prefer to perform 
operative revascularization. I have several questions of Dr. Craver that 
I think will help us all in this area. The first question deals with the use 
of conduits. Most of us prefer to use multiple internal mammary bypasses 
for the elective case. I was wondering if Dr. Craver would use internal 
mammaries in these acute settings. Second, I noticed that his group does 
not provide specific backup in the operating room for angioplasties. We 
agree with this, but we have noticed in our own group that atherectomies 
seem to have a higher failure rate. Does Dr. Craver and his group back 
up atherectomies, specifically? 

Finally, I would like his thoughts on what those new devices such as 
stents and laser angioplasty have done to the rate of emergency bypass 
and to the results of emergency bypass. My bias is that this new aggressive 
approach markedly increases the risk to the patient and possibly increases 
the risk of emergency surgery. Again, I appreciate the opportunity to 
discuss this excellent paper. 


Dr. W. RANDOLPH CHITWOOD, JR. (Greenville, North Carolina): Dr. 
Ochsner, Dr. Jones, Members and Guests, Dr. Craver and his colleagues 
are to be complimented for the excellent results achieved at Emory Uni- 
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versity in patients undergoing emergency coronary surgery after failed 
elective percutaneous angioplasty. They have emphasized that although 
coronary angioplasty has revolutionized the treatment of coronary artery 
disease, the method is far from a panacea. Coronary surgeons are now 
presentec with an often difficult controlled emergency. Dr. Craver’s su- 
perb review reflects data from more than 12,000 elective angioplasties 


_ at Emory over the past decade. Of these patients, 5.8% required emergency 


coronary surgery after angioplasty failure; and 82% had ongoing ischemia 
during transport to the operating room. The overall surgical mortality 
for these patients was low, at 3.1%. Dr. Craver has shown, however, that 
this trend is changing. Even though surgeons are now able to stabilize 
patients after angioplasty failure, the patient population having angio- 
plasties has changed markedly, with emergency surgery becoming much 
higher risk because of increasing age and concurrent medical problems. 
Although a much smaller series, we have experienced similar problems 
and results, Our center at East Carolina University began coronary an- 
gioplasty in 1985, and during the past 2 years performed 1550 angio- 
plasties. Of these, 2.5% underwent emergency coronary surgery, and 
46% of this group was older than 60 years of age. 

On arrival in the operating room, 69% had ongoing ischemia, with 
38% stabilized by an intra-aortic balloon pump. In comparison, 31% 
had coronary blood flow reestablished in the catheterization laboratory 
with a perfusion or bailout catheter and were very stable on arrival in 
the operating room, with most receiving an internal mammary artery 
graft. There were two operative deaths for a 5.1% mortality rate, with 
both deaths being in the ischemic group. 

Dr. Craver, I congratulate you on your study and thank you for this 
valuable information. I have a couple of questions for you. Firstly, at 
Emory, what has been the role of cardiopulmonary support in stabilizing 
patients in the catheterization laboratory, as well as standing by patients 
for high-risk angioplasty? Do you ever put patients on cardiopulmonary 
support in the catheterization laboratory? Also, what are your current 
recommendations for a surgical standby in a moderate-sized cardiac sur- 
gical program? And, lastly, do you take down the internal mammary on 
cardiopulmonary bypass when these patients are very ill from a failed 
angiopiasty? As a new member of the Association, I would like to thank 
the Association for the privilege of discussing this very nice paper. 


- Thank you. 
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PRESIDENT OCHSNER: I also would like to ask you a question. You 
said you were unable to identify any factors that were referable to the 
incidence of failed percutaneous transluminal coronary angioplasty. How 
about the expertise of the individual angiographer, did you look at that, 
or do you have any information on that? 


Dr. JOSEPH M. CRAVER (Closing discussion}: ] would like to thank 
the Association for the opportunity to present the paper and my friends 
Irv Kron and Randy Chitwood for bringing up these discussion points. 
Irv, to speak to your items first. I think we can expect a higher mortality 
rate in patients who come for emergency bypass because of the things 
that we mentioned. First, this is a less favorable group of patients; they 
are older, and the angioplasty physicians are becoming increasingly ag- 
gressive. With increasing numbers of hospitals offering angioplasty, there 
wil] be more angioplasties done by more operators, so there will be fewer 
angioplasties per angioplasty physician. And I think the degree of expertise 
will go down as time passes, 

You and Randy both mention the use internal mammary arteries for 
emergency bypass conduits. We tend to gauge that according to the sta- 
bility of the patient when he arrives in the operating room. If they are 
stable, if the anesthesia induction and the hemodynamics go satisfactorily, 
and we can get them on bypass; then the internal mammary artery is 
taken down on bypass and used. Our guiding principle, however, is to 
restore blood flow into the ischemic area promptly and as effectively as 
possible. So those patients who have continuing ischemia, who have 
hyperacute EKG changes still present, or who are in any shock form get 
a vein graft into the injured vessel, left anterior descending, right, or 
wherever, and we get out of there as quickly as we can with the perfused 
myocardium, Our surgical backup is the same for angioplasty and for 
atherectomy. The incidence of angioplasty having a problem is higher 
in our center than atherectomy, although atherectomies do develop 
problems. Not infrequently the patients who are having an atherectomy 
have a balloon at the same time, so they convert into the same group. 
The atherectomy patients have a higher incidence of restenosis down 
the line as a late problem. But I think overall atherectomy does not entail 
the same problem of producing a dissection or an acute closure, as we 
have seen with balloon angioplasty. The presence and the developing 
expertise of the angioplasty people in using intracoronary stents and 
bailout catheters is one of the reasons we have fewer patients arriving in 
an acutely ischemic state than we did in the first 3 years of our experience. 
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In addition to less acute myocardial ischemia just leaving the guiding 
wire across the injured lesion tends to keep the dissection flap from 
completely closing. So it does not take much blood flow to stabilize the 
acute ischemia. Once you then get the patients on bypass, the major 
myocardial protection becomes reducing the load on the heart by the 
bypass, by cardioplegia techniques that, it is hoped, can return some 
nutrients and oxygen to the area, allowing for a prompt revascularization 
and normal blood flow reestablishment. 

I think the report on laser therapy strategies is still out. We do not as 
surgeons have a great deal of enthusiasm for that modality being used 
in the coronaries because of the small size, tortuosity, and mobility of 
the coronaries. Also in our hospital the laser is used as a channel creator 
to open an avenue for placement of the PHA balloon. A major problem 
that we have had with these laser stents, and intracoronary devices is 
the delay getting a patient who’s experiencing acute ischemia from the 
catheterization laboratory suite to the operating room. We believe if we 
can get them to surgery, get them on bypass, and get them revascularized, 
we can do that with about a half-percent mortality rate. If, however, 
there’s a 2- or 3-hour delay while the fellows or the catheterization lab- 
oratory personnel try to get in a stent, not infrequently the myocardial 
ischemia becomes firmly established. The surgeon is then operating on 
a person with an infarction as opposed to a person with acute ischemia. 
That has contributed significantly in the last 3 years to the increased 
mortality rate of those patients here. 

Randy, I would think that angioplasty has changed coronary athero- 
sclerotic heart disease treatment rather than revolutionized it. I think 
revolution implies an improvement. The only thing it has done is taken 
the scars off people’s chests. Our group looked up about 1500 consecutive 
patients in the early 1980s that would correlate to the angioplasty group. 
We operated on those patients with a 0.2% mortality rate with a 96% 
survival rate at 5 years. Now angioplasty does not come anywhere near 
that. So it has not revolutionized it, but it has taken the scars off of a 
substantial number of patients. Not infrequently, however, angioplasty 
has to be done multiple times, as you well know. We have not been 
enthusiastic about supporting the difficult angioplasty patients with car- 
diopulmonary bypass in the catheterization laboratory. I think that is 
intrinsically unsound. We would rather have those patients referred for 
surgery and do a proper operation. Occasionally, there will be somebody 
we do not think is a candidate, and we have stood by but have not used 
it yet. This is in contrast to some other people’s experience, which we're 
interested in following. I thank you again for the opportunity to talk. 
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Infected (mycotic) aortic aneurysms are infrequent and, without 
surgical intervention, usualiy lead to uncontrolled sepsis or cat- 
astrophic hemorrhage. Symptoms are frequently absent or non- 
specific during the early stages, and a high index of suspicion is 
essential to make the ciagnosis. Surgery performed after rupture 
carries high morbidity and mortality rates. Bacteria) endocarditis 
with streptococcus pyogenes was the most common cause of in- 
fected aortic aneurysm in the pre-antibiotic era. Today, arterial 
trauma due to iatrogenic manipulation and depressed immuno- 
competence have become more common risk factors. Staphy- 
lococcus aureus and Salmonella are the most frequent bacteria 
identified. The authors’ recent experience in six patients with 
infected aortic aneurysms who underwent arteriography and 
computed tomography was reviewed and these diagnostic meth- 
ods compared. Computed tomography was found to be more sen- 
sitive in the diagnosis of the early stages of the disease, allowing 
for follow-up by serial scans in a noninvasive and less costly 
manner. Successful treatment, in four of these patients, was ac- 
complished by aneurysmal resection and extra-anatomic bypass 
or in situ prosthetic reconstruction. A higher clinical awareness 
of this disease, leading to early computed tomography evaluation 
and prompt surgical intervention under appropriate and intensive 
antibiotic therapy, appears to offer the best chance of survival 
in patients with this difficult condition. 


CENTURY HAS passed since the classic report of 

Sir William Osler’ to the Royal College of Phy- 

sicians in the landmark Gulstonian Lecture in 
London in 1885 on “malignant endocarditis” in which 
he described the pathophysiology and introduced the term 
of mycotic aneurysms. He evaluated the relationship be- 
tween the presence of aortic valve vegetations in a single 
patient and four aneurysms of the aortic arch that had 
the “appearance of fresh fungus vegetations” on their in- 
ternal surface. The patient was a 30-year old man admitted 
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with chills, fever, and pneumonia who developed bacterial 
endocarditis and eventually died of aneurysmal rupture. 
Osler deduced that embolization of these organisms to a 
peripheral vessel led to septic degeneration of the arterial 
wall, “mycotic aneurysm” formation and rupture. The 
term “mycotic aneurysm” has since been applied to ar- 
terial infections of all types, although today it is generally 
used more restrictively for fungal infections and, hence, 
the designation of infected aneurysms (JAA) is the most 
appropriate, as suggested by Jarrett et al.” Earlier reports? 
in 1844 had described the presence of abscesses in arterial 
walls caused by infected emboli, and Koch in 1851* and 
Tufnell in 1853° recorded single case reports of peripheral 
aneurysms occurring in young patients, in their early 20s, 
during treatment for endocarditis. 

Most IAA in the earlier reports were associated with 
valvular infectious disease. This was found in 187 of the 
217 cases (86%) assembled by Stengel and Wolferth in 
1923.° The aorta was the most frequently involved artery, 
being affected in 66 of 217 cases. In the pre-antibiotic era, 
bacterial endocarditis and its complications were uni- 
formly fatal. The development of vascular grafts and an- 
tibiotic therapy lead to the first reported survival of pa- 
tients with an IAA in 1962 by Sower and Whelan’ and 
Morris et al., but even as late as the 1960s and early 
1970s most of the patients with this disease process died. 

Newer microbiologic techniques for identifying the in- 
fecting organism and appropriate antibiotic therapy com- 
bined with successful replacement of infected valves have 
markedly reduced the incidence of embolomycotic aneu- 
rysms cf the aorta in the United States. Occasional reports 
of septic emboli from bacterial endocarditis still appear 
in the literature, particularly in children.™!? This is in sharp 
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and at the distal thoracic level with an ascending aorta to abdominal 
aorta bypass. The plain film showed a large mediastinal mass that ap- 
peared unchanged over the period of observation. 

Saccular aneurysms were visualized in three of the patients angio- 
graphically (Figs. | and 2); in another the left subclavian artery and its 
origin were seen arising from the excluded thoracic aneurysm. Angiog- 
raphy was refused by one patient and was not performed in the remaining 
patient because he was seriously ill and underwent surgery based on the 
CT findings alone. 

The CT findings were diagnostic in all six cases. A periaortic soft tissue 
mass with rim enhancement was seen in three patients; one around a 
calcified aorta of normal size (Fig. 3A), another around a 3-cm saccular 
aneurysm, and the last around a large thrombosed, descending aortic 
aneurysm. Expansion of the soft tissue mass 2 weeks later in the first 
patient prompted a CT-guided needle aspiration (Fig. 3B). Saccular 
aneurysms were visualized in the three remaining patients, two of which 
increased significantly in diameter during the period of observation, from 
4.5 to 8 cm over a 10-day interval in one patient and from 2 to 5.5 cm 
in a 3-month period in another (Figs. 4A and B). Aortic calcification 
was Clearly visible on CTs in four patients in this series. 

All patients were treated with the appropriate antibiotics and underwent 
aneurysmal resection with debridement of the periaortic infected soft 
tissue. A large defect in the aortic wall was present in two cases, and one 
of these patients had a periaortic abscess that was drained posteriorly. 
Extra-anatomic bypasses (axillary—bifemoral) were performed in three 


FIG. 1. Anteroposterior projection of retrograde brachial aortogram 
showing a large, saccular, 8-cm, supraceliac aortic aneurysm (case 2). 
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FIG. 2. Transfemoral arteriogram shows atypical aortic aneurysms orig- 
inating at the distal abdominal aorta (case 5). 


patients and interposition grafts in two. The left subclavian artery was 
ligated at its origin with the resection of the descending thoracic aneurysm 
in the remaining patient; a graft from the left carotid to the left subclavian 
artery had been constructed at the time of the original aorto-aorto bypass 
and aneurysmal exclusion and was patent. 

The overall mortality rate was 33.3% (two of six patients), one 6 weeks 
and the other 4 months after surgery because of generalized sepsis. Both 
of these patients had extensive periaortic infection, with necrosis of the 
aortic wall and preoperative septicemia with positive cultures of the urine 
and stool. Extra-anatomic bypass grafts were the operative procedures 
in these two patients: the inability to debride all infected tissue also may 
have contributed to the late postoperative deaths in spite of the initial 
successful surgical results. 


Discussion 


Infected aortic aneurysms are uncommon but not rare 
as our experience of six cases in a 5-year period in one 
institution suggests. Other authors!’ have also identified 
an increasing number of these aneurysms in recent years, 
suggesting that its incidence may be increasing. 

The nature of IAAs is changing. Bacterial endocarditis 
was not the cause of the infection in any of our six patients. 
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FIG. 3. (A, left) CT scan shows a calcified infrarenal aorta of normal size with an irregular, anterior, soft tissue mass inseparable from the aorta. (B, 
right) Repeat CT scan | week later shows significant enlargement of the soft tissue mass (case 5). 


In our review of 19 reports in the English literature in- 
volving 28 patients with IAAs (from 1983 to 1991), the 
findings were similar except for three pediatric patients, 
in whom embolomycotic aneurysm of the abdominal 
aorta developed.”''* With few exceptions, all of the re- 
viewed reports were of single cases or of small series. In 
a larger 15-year cumulative review (1968 through 1982), 
Johansen and Devin! found bacterial endocarditis to be 
a risk factor in only 17% of 220 patients, although they 
emphasized that most of this subgroup of patients ap- 
peared in reports from the British Commonwealth. 

The mean age of our patients (68.7 years) is slightly 
higher than in our reviewed group (mean, 61.2 years), if 
the three pediatric cases are excluded. This trend toward 
older age is apparent when earlier series of IAAs are re- 
viewed such as in a collected series by Wilson et al.'° from 
the 1960s, in which the mean age for aneurysm secondary 
to bacterial endocarditis was 26 years. 

The bacteriology of these infections appears also to have 
changed. In the pre-antibiotic era, the predominant or- 
ganisms were Streptococcus pyogenes, S. pneumoniae, and 


staphylococci,° whereas in the postantibiotic era the dom- 
inant infecting organisms are the Staphylococcus aureus 
and the Salmonella species,'’ accounting for about 40% 
of the total organisms cultured. Our experience confirms 
this, these bacteria being identified in four of the six pa- 
tients. It appears that the presence of atherosclerosis, with 
or without aneurysmal changes, makes the aorta more 
susceptible to the development of salmonella endovascular 
infection, but even the normal arterial intima, usually 
resistant to bacterial entrance, may be invaded by Sal- 
monella.'® Given the high prevalence of untreated sal- 
monella gastroenteritis preceding endothelial infection, 
some authors!’ advise antibiotic therapy for its treatment 
in patients older than 50 years of age. A tendency toward 
an early rupture has been noted in the cases due to Sal- 
monella infection.”” 

Reports of other less common organisms are starting 
to appear in the literature and may reflect the presence 
of immunocompromised hosts. Listeria monocytogenes, 
for instance, has been incriminated twice as the cause of 
IAAs*' and was seen in one of our six patients. A poten- 
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Fic. 4. (A, left) Contrast-enhanced CT scan shows an irregular periaortic soft tissue mass with peripheral enhancement consistent with inflammation. 
(B, right) CT scan 3 months later shows a sharp increase in the diameter of the aortic lumen (case 4). 


tially large and increasing number of 1mmunocompro- 
mised patients due to acquired immune deficiency syn- 
drome is another at risk population for IAA. In the past 
year, three cases of an IAA have been reported in male 
patients with a positive test for the human immunodefi- 
ciency virus. No organisms were cultured from the aneu- 
rysmal contents in one of the patients, but Sa/monella 
and Mycobacterium tuberculosis grew in the two others. 
These numbers could dramatically change in the near fu- 
ture. 

Bacteroides fragilis, an anaerobic organism, has been 
reported?” as the causative agent of IAA. Although these 
cases appear to be rare, it is possible that the incidence is 
higher than reported because negative cultures from IAAs 
have been stated to be found in as many as 25% of cases, '” 
and this may reflect the fact that the anaerobic cultures 
may not be routinely obtained. The frequent use of an- 
tibiotics in general medical and surgical practice is another 


likely reason for the high percentage of failures in iden- 
tifying a specific pathogen. 

Campylobacter fetus has a particular predilection for 
the vascular endothelium in immunocompromised pa- 
tients and, since 1971, nine documented cases of C. fetus 
sepsis associated with abdominal aortic aneurysms have 
been reported.** Rapid increase in the size of the aneurysm 
is found with this entity, and all the reported deaths in 
this series followed aneurysmal rupture. 

Overall, gram-negative infections have shown a greater 
virulence with a significantly higher incidence of aneu- 
rysmal rupture and death (72% versus 25%) than aneu- 
rysms with gram-positive infections.”° 

Analysis of the associated conditions present in our 
group of patients showed that diabetes mellitus, malignant 
neoplasm, and rheumatoid arthritis were present, alone 
or in combination, in four of them, indicating compro- 
mised immunocompetence. Johansen and Devin’? found 
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depressed host immunity due to chronic alcoholism, ad- 
ministration of corticosteroids or cytotoxic agents, and 
chronic renal failure present in 24% of the patients re- 
viewed. Arterial trauma was the greatest risk factor and 
was present in 29%. The development of a “mycotic” 
aortic aneurysm after arteriography or cardiac catheter- 
ization is rare,*>° but given the large numbers of patients 
that undergo diagnostic or therapeutic (intra-aortic bal- 
loon pump, percutaneous transluminal coronary angio- 
plasty, percutaneous balloon angioplasty, hemodialysis 
shunts) arterial catheterizations, one has to be aware of 
this possible complication. Arterial trauma secondary to 
parenteral drug abuse has increased markedly in recent 
years. Direct trauma to the vessel with contamination of 
the resulting hematoma during initial or subsequent in- 
jections will lead to formation of an infected pseudo- 
aneurysm or bacterial endocarditis. Drug addicts are 
probably now one of the larger groups of patients with 
bacterial endocarditis and its potential embolic arterial 
complications.” This will no doubt worsen as acquired 
immune deficiency syndrome begins to affect this popu- 
lation. 

Pre-existing or concurrent sepsis, either distant or con- 
tiguous, was present in 17% of the quoted study’> and in 
four of our six patients. 

Even from the analysis of our small series, it is most 
likely that several of these mechanisms may be present 
in an individual patient; nevertheless, about 3% of patients 
with IAA have no obvious risk factor. 

Diagnosis of an IAA can be difficult. Fever and leu- 
kocytosis were present in all of our six patients, but not 
the remaining element of the classic triad—the pulsatile 
mass. An aneurysm was palpable in only 53% of cases in 
one series.” A number of cases present as fever of un- 
known origin with some nonspecific abdominal or chest 
pain and no distinctive clinical presentation. The systemic 
manifestations of sepsis may be discrete, and the IAA 
may go unrecognized, particularly in the early stages. 

Positive blood cultures were found in only three of our 
cases, but a higher percentage (70%) has been reported.”° 
Downstream arterial blood cultures from the femoral ar- 
tery can be particularly helpful in the diagnosis of IAA. 
Traditionally, aortography is considered crucial to the di- 
agnosis of this entity by demonstrating the presence of 
lobular, saccular, and eccentric aneurysms in an otherwise 
normal appearing aorta. Arteriography was performed in 
four of our patients but more for preoperative planning 
and confirmation of the CT findings than for diagnosis. 
Computed tomography scans suggested the diagnosis in 
all six patients. The CT features have been reported pre- 
viously,”’ but early findings include the presence of a peri- 
aortic soft tissue density with rim enhancement, and in- 
timal calcifications. Days to weeks later, this eccentric, 
thickened wall may increase in size, and the intimal cal- 
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cifications may become disrupted or disappear. Enlarge- 
ment of the aortic lumen eventually develop, which took 
place between 10 days and 3 months after the original 
scan in two of our patients; an unusual luminal shape 
also may be seen. Gas in the perianeurysmal soft tissue 
has been described.*° The progression of a normal vessel 
to a markedly dilated and thinned one may be very rapid, 
as we and other authors*”-** have observed. 

The surgical therapy aims not only to eradicate the 
IAA and surrounding tissues, but also to re-establish distal 
arterial flow. 

Dismal results of resection and vascular reconstruction 
for [AAs were described as recently as 1967. All of the 
patients in that series died of persistent sepsis after in situ 
insertion of a graft in the infected field. Brown et al.,!? 
among others, further pointed out the disadvantages of 
in situ reconstruction, where a mortality rate of 32% was 
found versus a mortality rate of 13%, when resection and 
extra-anatomic bypasses were performed in a similar 
group of patients. 

Most surgeons probably consider the excision of the 
IAA with ligation of the aorta, drainage of the retroperi- 
toneum, and remote bypass grafting as the treatment of 
choice.*”?>-*4*° In the sequence of aneurysmal rupture and 
widespread periaortic sepsis, this is obviously the appro- 
priate approach. The difficulties of removing all necrotic 
tissue and providing adequate drainage are well recog- 
nized. The two deaths in our series secondary to late gen- 
eralized sepsis were likely due to the inability to debride 
all adjacent infected tissue. Closure of the aortic stump is 
also a crucial step given the potential for late disruption 
in the presence of residual infection and, invariably, fatal 
hemorrhage. Adequate posterior drainage of the retro- 
peritoneum is required because frequently, even after 
careful debridement, purulent material with the same or- 
ganisms as found in the aneurysmal tissues continues to 
drain for variable periods. 

The lower patency rates of the axillary-femoral grafts 
and the possibility of graft infection due to persistent or 
recurrent septicemia has led to the re-evaluation of the in 
situ graft interposition. Successful aneurysmal resection 
and graft replacement has been reported several 
times!>?!74.25.36.37 in cases of IAAs after the first initial 
success by this method in 1962.’ Two patients in our series 
were treated in this manner and were alive 2.5 and 5 years 
after operation. There is no uniformly accepted consensus 
regarding which patients should be treated by this ap- 
proach. Reddy’? describes an approach based on the re- 
sults of a Gram stain obtained intraoperatively of suspi- 
cious areas of the aneurysmal wall and contents as well 
as the presence of gross infection. Aneurysmal resection 
and in situ graft replacement is advised for cases in which 
the Gram stain is negative and there is no evidence of 
macroscopic purulence. In the face of a positive Gram 
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stain but no gross infection, the same surgical procedure 
can be cautiously done if one can be fairly certain that 
debridement can fully clear the retroperitoneal infection. 
In situ reconstruction is also desirable in aneurysms of 
the suprarenal aorta involving the visceral arteries, given 
the lack of any practical alternative. In a large series of 
patients reported by Chan et al.” and others,” the authors 
conclude that this is the method of choice for central my- 
cotic aneurysms but advise lifetime oral antibiotic 
suppression. 

A persistent fevez, positive blood cultures, evidence of 
anastomotic breakcown, or signs of retroperitoneal sepsis 
should indicate the need for the placement of an extra- 
anatomic bypass and prompt removal of the interposed 
aortic prosthesis. Tae rate of failure of interposition grafts 
has been reported to be 23% with infection caused by 
gram-positive organisms and up to 63% with gram-neg- 
ative organisms.” Replacement grafting is also an expe- 
dient operation when the patient is in extremis. When 
there is evidence of gross infection, an extra~anatomic 
bypass should follow the resection of the JAA and the 
debridement of th2 retroperitoneal infected tissue. Con- 
cern about prolonged leg ischemia after excision of the 
aneurysm followed by the extra-anatomic bypass can be 
allayed by reversing the order of the procedures.” The 
possible bacterial seeding of the fresh graft in the process 
of the resection and debridement of the IAA and retro- 
peritoneal tissues does not appear to have practical sig- 
nificance.*! 

The treatment of IAA begins preoperatively with the 
appropriate antibiotics adjusted to the cultured organism 
and with effective serum antibiotic levels. Surgery should, 
if possible, be performed after the establishment of effec- 
tive antibiotic therapy but should not be delayed beyond 
that time (1 to 4 days). Aggressive and appropriate anti- 
biotic treatment must be continued after operation to ac- 
complish sterilizetion of the blood stream and the oper- 
ative site. There zre no definite recommendations for the 
duration of the postoperative antibiotic therapy, but a 
minimum of 6 weeks has been suggested.'? In certain 
cases, and deperding on the method of arterial recon- 
struction, oral antibiotics may be required for a lifetime.*” 
Late reinfections have been reported in patients who did 
not continue the therapy, particularly caused by Salmo- 
nella organisms.” 

If the infection is detected early, this approach should 
provide a favorable outcome in most of these patients 
(Table 2). 

Much remains unknown about the clinical course of 
IAAs, but experience indicates that, although the rate of 
the disease progression varies widely between patients, 
the natural history of these processes is highly unfavorable 
and usually fatal because of sepsis or hemorrhage. 

From our experience and the literature review, it ap- 
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TABLE 2. Infected Aortic Aneurysms: Patient Survival 


Survivors 

Source Year No. of Cases No. (%) 
Jarrett et al. 1975 12 7 (59) 
Davies et al. 1978 3 3 (100) 
Scher et al. 1980 2 1 (50) 
Johansen and Devin 1983 4 4 (100) 
Bitseff et al. 1985 5 3 (60) 
Taylor et al. 1987 4 4 (100) 
Current series 1991 6 4 (66.7) 


pears that several aspects of this disease have changed 
over the years. These lesions appear more frequently now 
in an older population, although the acquired immune 
deficiency syndrome and drug epidemics may change the 
demographics of this disease in future years. The main 
risk factor is no longer the presence of bacterial endocar- 
ditis, and IAA will be secondary to various states of de- 
pressed immunity, infected sites of arterial trauma, and 
concurrent sepsis elsewhere. Computed tomography ap- 
pears to provide earlier diagnosis and a good technique 
to follow the progress of this disease if the diagnosis is not 
initially made, but clinical suspicion of this entity 1s fun- 
damental for its early diagnosis. Angiography provides 
the anatomic details of the lesion and adjacent vessels, 
but will not show the degree of periaortic extension that 
CT can demonstrate. 

An early diagnosis permits the en bloc excision of the 
aneurysm and the perianeurysmal infection and allows 
an interposition graft, a shorter, one-stage procedure, with 
good long-term results. Delayed diagnosis with extensive 
periaortic sepsis will require ligation of the aorta and extra- 
anatomic bypasses. Aortic rupture continues to carry a 
high mortality rate. 
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DISCUSSION 


Dr. HUGH H. Trout III (Bethesda, Maryland): President Ochsner, 
Dr. Jones, Members and Guests: In situations in which contamination 
is likely, it now seems that it is reasonably safe to proceed with in situ 
prosthetic graft insertion when no previous prosthetic graft has been 
placed. Such settings include a primary aortoenteric fistula with a com- 
munication between an abdominal aorta aneurysm and the duodenum. 
Another instance would be infected aortic aneurysms as presented by 
Dr. Gomes. One other instance in which in situ replacement seems pos- 
sible is the setting of a prosthetic graft infected by bacterial biofilms such 
as coagulase-negative staphylococcus, as has been recently reported. For 
all other vascular contamination situations in my view, however, in situ 
grafting should be avoided if at all possible. Appropriate therapy in these 
instances should be a remote bypass such as an axillobifemoral bypass, 
followed by removal of the contaminated graft. 

I have one question. Now that polytetraflucroethylene (PTFE) is 
available in bifurcation form, do you believe because of reduced quan- 
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titative bacterial adherence that PTFE has an advantage over Dacron as 
a prosthetic replacement graft? I want to thank Dr. Gomes for providing 
me with a copy of his excellent manuscript and to congratulate him on 
a thorough presentation helping to define further those instances in which 
in situ grafting may be safely employed. Thank you for the privilege of 
the floor. 


DR. MARIO N. GOMES (Closing discussion); I would like to thank Dr. 
Trout for the kind comments. I do believe that the use of a PTFE graft 
in this setting may further decrease the possibility of graft infection, but 
it is more important to make the diagnosis of IAA in early phase and 
be fairly certain that the periaortic involvement is not present. In these 
circumstances, the potential problem of graft infection should not be 
significant, but the use of a PTFE graft may be advantageous. I am fairly 
confident that an early diagnosis of IAAA will lead to a safe graft inter- 
position, which is not the case when extensive periaortic infection is 
present. 
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The authors’ experience with 113 aortic occlusions in 103 patients 
during a 26-year period (1965 to 1991) is reviewed. The authors 
found three distinct patterns of presentation: group I (n = 26) 
presented with acute aortic occlusion, group II (n = 66) presented 
with chronic aortic occlusion, and group III (n = 21) presented 
with complete occlusion of an aortic graft. Perioperative mortality 
rates were 31%, 9%, and 4.7% for each respective group and 
achieved statistical significance when comparing group I with 
group II (p = 0.009) and group I with group III (p = 0.015). 
Group I presented with profound metabolic insults due to acute 
ischemia and fared poorly. Group II presented with chronic 
claudication and did well long-term. Group [II presented with 
acute ischemia but did well because of established collateral cir- 
culation. The treatment and expected outcome of aortic occlusion 
depends on the cause. 


.. . . le traitement idéal consisterait évidment a resequer la zone 
obliterée et à retablie: la permeabilité si c'est possible. . .” 
R. LeRiche (deLyon) 1923 


CCLUSION OF THE juxtarenal aorta (JRA) may 

present as an acute vascular catastrophe, chronic 

lower extremity ischemia, or as an aortic graft 
occlusion, a sudden event superimposed on chronic ath- 
erosclerotic occlusive disease. All of these scenarios pro- 
duce formidable treatment challenges because of the po- 
tentially disastrous sequence of events associated with 
lower extremity ischemia. 

In 1923, LeRiche' described the condition of aortic 
occlusion and envisioned resection of the occluded seg- 
ment as the treatment of choice. Unfortunately, he had 
neither the technique or the skill to see his vision to frui- 
tion. Reconstruct:ve efforts began in 1947, when Dos 
Santos’ performed abdominal aortic endarterectomy, and 
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in 1950, Oudot? replaced the terminal aorta with an ar- 
terial homograft for chronic occlusive disease. 

The ensuing years have seen numerous advances in the 
approach to aortic occlusion. The vascular surgeon’s ar- 
mamentarium is overflowing with creative solutions: em- 
bolectomy, thrombolytic therapy, and extra-anatomic 
bypass, using a variety of graft materials to revascularize 
the lower extremities. 

Despite these developments, the mortality rate of acute 
aortic occlusion (AAO) and disability from chronic oc- 
clusion (CAO) remains significant. To better understand 
the presentation, management, and expected surgical 
outcome, we have reviewed our experience with this mul- 
tifaceted disorder. 


Methods 


During the years 1965 to 1991, 4126 aortic reconstruc- 
tions were entered in the vascular registry at St. Thomas 
Hospital. Abdominal aortic aneurysm was the operative 
indication in 1774, whereas aorto-iliac occlusive disease 
was found in 2352. The male/female ratio was 3:1. 

One hundred three patients required 113 operations 
for JRA occlusion during this period. Retrospective anal- 
ysis was obtained from the medical records, and follow- 
up was secured through clinical evaluation or phone in- 
terview. Follow-up ranged from 6 months to 24 years 
(mean, 5 years); no patient was lost to follow-up. 

The study population was composed of 64 men and 
39 women, with a mean age of 59.2 years (range, 24 to 
80 years). Associated risk factors (Table 1) are typical of 
other series.*° Cardiovascular surgical history was positive 
in 27%. 
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TABLE 1. Patient Profiles 


AAO CAO GO 
ASHD 35% 20% 21% 
HTN 38% 48% 37% 
MI 46% 17% 21% 
COPD 15% 11% 11% 
DM 19% 6% 16% 
CVA 23% 8% 5% 
Cigarette abuse 60% 62% 58% 


AAO, acute aortic occlusion; CAO, chronic aortic occlusion; GO, graft 
occlusion; ASHD, atherosclerotic heart disease; HTN, hypertension; MI, 
myocardial infarction; COPD, chronic obstructive pulmonary disease; 
DM, diabetes mellitus; CVA, cerebrovascular accident. 


Statistical Analysis. Chi square analysis using a two- 
tail Fisher’s exact test and actuarial survival curves were 
calculated for each presentation scenario.®’ 


Presentation and Management 


Three distinct categories of JRA occlusion emerged on 
analysis: group I were patients with AAO; group II, CAO; 
and group HI were those patients with aortic graft occlu- 
sion (GO). Group I had a statistically significant periop- 
erative mortality rate when compared with the less acute 
conditions found in groups II (p = 0.009) and III (p 
= 0.015). Group I had an actuarial survival different from 
groups II (p < 0.0006) and III (p < 0.015). Groups II and 
III were statisfically similar. Because each group had a 
different clinical presentation, behavior, and management 
strategy, they demand separate attention for this discus- 
sion. 


Group I 


Acute aortic occlusion was documented in 26 patients, 
13 secondary to acute saddle embolus (ASE), and 13 due 
to thrombosis. Distribution was equally divided, with 13 
men and 13 women, having a mean age of 66 years. Myo- 
cardial infarction (MI) was the primary risk factor (46%) 
(Table 1). Premorbid cardiac dysrhythmia was docu- 
mented in 58%, requiring cardioversion in three patients. 

Ischemic rest pain was the salient clinical feature (92%), 
whereas 35% had sensory/motor dysfunction. Because of 
the acute nature of the process, many patients were crit- 
ically, and ultimately, fatally ill. Of particular interest, 
four patients (15%) presented with evidence of multiple 
peripheral emboli, including acute renal failure in three 
(mortality rate, 75%), and three patients (12%) had AAO 
after acute MI without death. 

Operative management for AAO was determined by 
cause. Bilateral transfemoral embolectomy (TFE) was 
performed in 10 of the 13 patients (82%) with ASE; how- 
ever, six required further revascularization to preserve 
distal perfusion. Of the remaining three patients, two had 
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aortciemoral bypass (AF) and one had axillo-femoral by- 
pass (AxF). In contrast, TFE was attempted four times in 
13 pazients with thrombotic AAO, but was successful in 
only zne patient with abdominal aortic aneurysm throm- 
bosis secondary to blunt trauma. Eight patients required 
direct aortic reconstruction by AF (62%), whereas four 
(31%) had AxF. 


Group IT 


Sixty-five patients presented with 66 CAO, 42 men and 
23 women, with a mean age of 57 years. The medical 
profile is shown in Table |. Fifteen patients (23%) had 
undergone previous cardiovascular surgery. 

The site of occlusion was documented by arteriography 
in all patients. Juxtarenal aorta occlusion occurred in 34 
patients (52%), aortic bifurcation occlusion in 22 patients 
(33%), and occlusion of the suprarenal aorta in 10 (15%). 
Pathology was primarily atherosclerosis (95%); however, 
aortic coarctation, Takayasu’s arteritis, and Buerger’s dis- 
ease each occurred in one patient. Disabling claudication 
was the primary clinical feature (92%), followed by rest 
pain (13%), ischemic ulceration (6%), and impotence (30% 
of men). No patient presented with acute symptoms. 

Direct aortic revascularization was the operative man- | 
agemert of choice. Aortofemoral bypass was performed 
in 56 patients (85%), with 30 of these requiring proximal 
aortic thromboendarterectomy (TEA). Four patients, early 
in the series, had aorto-iliac TEA, and one reoccluded 10 
years after operation, requiring AF bypass. Visceral re- 
vasculazization was a component of 25% of the aortic 
reconstructions (10 renal, four mesenteric). 


Group LIT 


Aortiz GO occurred 21 times in 19 patients. There were 
13 men and six women, with a mean age of 54 years. 
Comortid conditions are listed in Table 1. Seven patients 
had previous cardiovascular surgery (37%). Symptoms of 
acute ischemia were present in 92%, whereas 8% had dis- 
abling claudication. Primary operations included one ab- 
dominal aortic aneurysm tube graft and 18 bifurcated 
grafts for occlusive disease. Graft size ranged from 12 to 
19 mm. most commonly 14 mm (53%). Two grafts were 
on-lay anastomoses. 

Operative management for GO included AxF (48%), 
redo AF (43%), and graft thrombectomy (9%). Concom- 
itant profundaplasty was necessary in 20% to improve 
pelvic and distal perfusion. 


Results 
Group I 


Eight patients with AAO had significant morbidity 
(Table 21, most often multisystem organ failure, which 
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TABLE 2. Morbidity 
AAO No. CAO No. GO No. 
MOF 3 Mesenteric ischemia 2 MOF l 
MI I Pulmonary 2 Pulmonary l 
ARF 1 MOF 1 Mesenteric ischemia 1 
Repeat EMB 1 Pancreatitis 1 Ureteral injury l 
Splenectomy 1 DVT I 
SBO l 


AAO, acute aortic occlusion; CAO, chronic aortic occlusion; GO, graft 
occlusion; MOF, multisystem organ failure; MI, myocardial infarction; 
ARF, acute renal failure; EMB, embolism 2; DVT, deep venous throm- 
bosis; SBO, small bowel cbstruction. 


occurred in three patients (12%). Perioperative mortality 
rate (Table 3) was 21%, and was greater for ASE (39%) 
than for aortic thrombosis (23%). There was one early 
GO requiring AxF thrombectomy and distal revascular- 
ization to improve run-off. 

Follow-up demonstrates a 50% mortality rate at 1 year. 
Only 20% of the original cohort were alive at 10 years 
(Fig. 1). The cause of late death was most commonly can- 
cer (n = 3) and cardiovascular disease (n = 3), followed 
by complications of diabetes (n = 1) and hip fracture (n 
= 1). Although survival rates are disconcerting, with a 
31% perioperative mortality rate and only 20% alive at 
10 years, this finding speaks to the complicated and dev- 
astating problem af AAO and the profoundly positive 
cardiac history. Two late graft limb failures were docu- 
mented, and one AF thrombosis, necessitating AxF re- 
construction. 


Group IT 


Eight complications occurred in 14 patients with CAO 
(Table 2), most commonly groin lymphocele (n = 6), groin 
infection (n = 3), and mesenteric ischemia (n = 2), Six 
patients died, resulting in a perioperative mortality rate 
of 9% (Table 3). There were three early graft thromboses, 
one an aortic GO, one AF limb occlusion, and one bilat- 
eral renal artery bypass. 

Follow-up showed 91% of patients alive at | year, 68% 
at 5 years, and 51% survival at 10 years (Fig. 1). The 


TABLE 3. Perioperative Mortality Rate 


AAO CAO GO 
(n = 8) (n = 6) (n = 1) 

MOF 3 I l 
Cardiac 4 I mom 
Mesenteric ischemia ~~ 2 anaa 
Pulmonary embolus — I — 
Unknown I ] — 
Mortality rate 31% 9% 4.7% 


AAO, acute aortic ozclusion; CAO, chronic aortic occlusion; GO, graft 
occlusion; MOF, multisystem organ failure. 
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longest CAO survival was 24 years. Fourteen deaths oc- 
curred during the follow-up period, 11 secondary to MI 
and one each due to stroke, cancer, and multisystem organ 
failure. One patient developed a graft-enteric fistula 11 
years after AF bypass, requiring AxF revascularization. 
There were three late graft limb occlusions, whereas six 
GO occurred during the follow-up period (0.2 to 8 years 
postoperatively), and are also included in the group III 
analysis. In addition, one patient occluded an AxF bypass 
and another occluded a celiac bypass. 


Group IHI 


Morbidity rate for aortic GO is demonstrated in Table 
2, including four amputations. One patient had an un- 
recognized ureteral injury during a third AF, which re- 
sulted in a urinoma. Nephrectomy was necessary because 
the ureter was not amenable to repair. 

There was one perioperative death in a patient who 
presented with GO complicated by a strangulated small 
bowel obstruction and peritonitis. Management necessi- 
tated AxF reconstruction with lysis of adhesions and bowel 
resection. Multisystem organ failure led to his death 60 
days after operation. 

Long-term survival was 90% at 1 year, and 55% at both 
5 and 10 years (Fig. 1). There were four deaths in the 
follow-up period, three from MI, one from stroke. Late 
graft thrombosis occurred in three patients, two graft limb 
occlusions, and one recurrent aortic GO. 


Discussion 


Acute Aortic Occlusion 


Acute aortic occlusion is a catastrophic event. It occurs 
in patients with severe cardiac disease and sets in motion 
a series of physiologic insults that continues to have a 
high mortality. 
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Acute aortic occlusion is most commonly caused by 
ASE, which originates from a cardiac source. Today car- 
diac dysrhythmias and previous MIs are frequently en- 
countered, whereas historically rheumatic valvular disease 
was a source of ASE. Additional causes of AAO include 
trauma, hypercoagulable states, dissection, and mycotic 
embolism. Thrombosis superimposed on occlusive disease 
is a common cause of AAO and may be difficult to dis- 
tinguish from ASE. Diagnosis of AAO is straightforward. 
The universal symptom is acute pain accompanied by 
varying degrees of the classic six Ps, that is, pain, pallor, 
pulselessness, paresthesia, paresis, and poikilothermy. The 
degree of ischemia is dependent on the site of occlusion, 
proximal thrombosis, distal embolization, and collateral 
circulation. 

The distinction between ASE and acute thrombosis 
may be difficult and relies on such historical data as pre- 
vious claudication, previous embolism, cardiac dysrhyth- 
mias, recent MI, low flow state, and evidence of multiple 
peripheral emboli. Angiography is not mandatory but is 
beneficial in situations of suspected renal or mesenteric 
embolism. 

Historically, von Bauer? is credited with performing 
the first successful aortic embolectomy in 1913. Ravdin 
and Wood,’ in 1941, first reported removal of an ASE by 
the femoral approach. Albright and Leonard,'® in 1950, 
reviewed 193 cases of ASE, finding just 34 survivors. Eight 
patients were cured by nonoperative means, including 
anticoagulation, vasodilators, intermittent venous occlu- 
sion, lower extremity cooling to reduce metabolism, and 
Buerger’s exercises. The remaining 26 survivors were 
managed by direct aortic embolectomy, aortectomy, and 
retrograde milking of emboli from the femoral artery. The 
overall mortality rate in this series was 75%, whereas the 
nonoperative mortality rate was 95%. 

In 1958, Dale and Mahoney"! reviewed 64 successful 
aortic embolectomies and concluded that immediate op- 
eration was the treatment of choice. Willman and 
Hanlon!’ (1959) reported four successful saddle embo- 
lectomies through the femoral artery under local anes- 
thesia without death. In 1962, Deterling et al.'? reported 
22 cases of ASE with an operative mortality rate of 66%. 

The operative management of arterial embolism was 
forever changed by the introduction of the balloon-tipped 
embolectomy catheter by Fogarty et al (1963).'* Porter et 
al.,!> in 1966, reported a series including 16 “conventional 
embolectomies” compared with six catheter embolecto- 
mies. The catheter technique reduced operative time by 
50% and transfusion requirements by 75%. More impor- 
tantly, operative mortality rate dropped from 50% to 33%, 
and limb salvage rose from 44% to 100%. Recent 
reports”! confirm the enhanced survival and limb salvage 
rates associated with balloon catheter TFE. 

Acute aortic thrombosis was described by Bell!” (1967) 
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as a terminal event associated with severe iliofemoral oc- 
clusive disease and progressive cardiac failure. He rec- 
ognized the futility of thrombectomy and advocated by- 
pass of the thrombosed segment from the infrarenal aorta 
to the femoral arteries. Despite these observations, his 
mortality rate was 100%. Danto et al.,!? in 1972, however, 
treated eight patients with AAO using aortoiliac or AF 
bypass. Mortality rate was 25%, although the morbidity 
rate remained high. 

Th-ombosis of abdominal aortic aneurysm was first re- 
ported in 1959 by Shumacker,’” but Janetta and Roberts 
(196117° are usually credited. The largest series is by John- 
son et al.,*! who, in 1974, reviewed 15 cases with an op- 
erative mortality rate of 53%. 

This series of 26 AAOs, having a limb salvage rate of 
98% and mortality rate of 31%, compares with other large 
series. On diagnosis, systemic anticoagulation is begun 
with intravenous heparin sodium to inhibit proximal and 
distal thrombosis. Often patients are profoundly decom- 
pensated, displaying both local and systemic effects of 
ischer-ia, including variable degrees of cardiac failure with 
intravescular volume depletion, acidemia, and hyperka- 
lemia. They also may have acute renal failure or mesen- 
teric ischemia. 

Aortography is not mandatory unless renal or mesen- 
teric involvement is suspected, although it was performed 
in 50% of this series. Operation is imperative for survival. 
In our experience, TFE had a disappointingly low success 
rate as the sole means of revascularization. Even with 
ASE, TFE was enhanced with a bypass procedure in 60% 
of cases. Nonetheless, TFE using local anesthesia 1s, theo- 
retically, the safest and most expeditious means to revas- 
cularize these critically ill patients. If TFE only clears one 
iliofemoral system, a femoral—femoral crossover should 
be used. If adequate inflow is impossible bilaterally, a 
judgmeat must be made regarding the potential for suc- 
cessful aortic reconstruction. Most circumstances dictate 
extra-aratomic bypass grafting through AxF, and the pa- 
tient should be prepared for such a contingency at the 
outset. 

Anticoagulation is continued after operation. Patients 
must be evaluated for evidence of compartment syn- 
drome, acid washout from reperfused muscle and gut, 
myoglotinuria, and recurrent embolization. Cardiac 
complications and multisystem organ failure are the most 
frequent causes of death. 

Long-term anticoagulation with warfarin has been 
shown to prevent re-embolization.* Patients in this series 
were noz routinely managed with warfarin until 1982. 
One patient, however, required amputation while still 
hospitalized after reembolization while being treated with 
heparin. 

Acute aortic occlusion continues to present life-threat- 
ening surgical challenges. Rapid diagnosis, resuscitation, 
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and revascularization must occur, cognizant of the phys- 
iologic milieu of acute ischemia, to achieve survival. De- 
spite advances in critizal care medicine and surgical tech- 
niques, mortality rate remains high. 


Chronic Aortic Occlusion 


The clinical preser.tation, management, and outcome 
of CAO contrasts that of AAO. Chronic occlusive disease 
of the terminal aorta has been recognized to cause clau- 
dication and impotence at least since LeRiche! described 
the syndrome in 1923; however, CAO is rare, noted only 
in 0.15% of 33,216 autopsies.” 

Manifestations of (CAO include bilateral lower extrem- 
ity claudication and absent femoral pulses. There is a pre- 
dilection toward males with a strong history of tobacco 
abuse. Other features include ischemic rest pain and im- 
potence. Acute ischemia is not a clinical finding because 
of the progressive nature of the disease and the opportunity 
for the developmen: of collateral circulation. As such, 
these patients do not have the physiologic insult found in 
AAO and may be evaluated and managed electively. 

In 1963, Bergan and Trippell” recognized JRA occlu- 
sion as a terminal stage of LeRiche syndrome because of 
continued proximal thrombosis. They described JRA 
endarterectomy witn distal revascularization by bypass 
graft or TEA. They advised renal cross-clamping before 
aortic manipulation to avoid embolization and, further, 
advocated hypothermia and mannitol infusion for renal 
protection from isckemic injury. Chavez et al., in 1968, 
reported three cases of successful proximal aortic TEA 
for juxtarenal CAO using temporary occlusion of the renal 
arteries without hypothermia. 

Starrett and Stoney?” (1974) reviewed a large experience 
with JRA occlusior. receiving either medical or surgical 
management. The nonoperative group had documented 
proximal propagation of thrombosis into the renal and 
mesenteric circulation with ensuing visceral ischemia. In 
the operative group (n = 40), 17 extensive aortic TEAS 
demonstrated the primary occlusive lesion to be distal to 
the inferior mesenteric artery or in the origin of the com- 
mon iliac arteries. They noted that occlusion proximal to 
the primary lesion was due to thrombosis, often in the 
absence of significant aortic intimal hyperplasia. Follow- 
up disclosed an 85% patency at 10 years; however, 10- 
year survival was anly 37%. 

Several published accounts appeared in the early 1970s 
describing remote bypass procedures designed to treat 
proximal aortic occlusive disease. Nunn and Kamal,” in 
1972, first reported a descending thoracic to femoral artery 
bypass using a retroperitoneal approach. The authors rec- 


ommended that this procedure only be considered in low- 


risk patients. In 1974, Frantz et al.7° described an as- 
cending aorta to femoral artery bypass for a singular pa- 
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tient in whom the abdominal aorta was found to be 
unsuitable for grafting. This approach requires a median 
sternotomy and, as such, has not been widely used. Such 


' remote bypass procedures, including AxF, have been 


condemned for the management of CAO because they 
do not eliminate the risk of proximal thrombosis. In one 
report, extension of thrombosis to the level of the renal 
or mesenteric arteries accounted for a 46% mortality rate 
in untreated patients, compared with a 10% operative 
mortality rate.” 

Liddiccat et al.” (1975) reported standardized operative 
techniques for proximal aortic TEA and onlay AI or AF 
bypass. Perioperative mortality rate was 4.6%, with a low 
morbidity rate and favorable long-term results in 64 pa- 
tients. 

A fundamental debate concerned the need for in-line 
aortic reconstruction to remove the thrombus and prevent 
proximal propagation. Although Starrett and Stoney” 
demonstrated devastating complications and death from 
proximal thrombosis, others found the antithesis true. In 
one group of patients with CAO treated medically or with 
AxF, none of the 13 patients available for follow-up dem- 
onstrated proximal thrombosis of visceral vessels.” 

The debate continued regarding the risk of proximal 
thrombosis, as Deriu and Ballotta?” (1983) demonstrated 
arteriographic and pathologic evidence for progressive as- 
cending thrombosis of the occluded aorta. This contro- 
versy is not likely to be settled without a prospective, ran- 
domized trial to include nonoperative therapy, direct aor- 
tic reconstruction, and extra-anatomic bypass. Follow-up 
would involve serial arteriography to document the nature 
of disease progression. Because a study of this nature is 
unlikely to be performed, it is prudent to acknowledge 
the potential for clot propagation and consequential acute 
renal failure or mesenteric ischemia, and recommend di- 
rect in-line aortic reconstruction. 


Aortic Graft Occlusion 


There exists a large body of literature discussing aortic 
graft limb occlusion, but there is little concerning complete 
occlusion of an aortic graft. Robiscek et al.*° (1985) dis- 
pelled an early myth that woven and knitted grafts had 
dissimilar failure rates, concluding that graft thrombosis 
is rare and is usually related to poor technique, disease 
progression, and chronic cigarette abuse.*! Naylor et al.” 
reported 46 GOs in 28 of 241 patients evaluated after AF. 
There were five bilateral occlusions, not otherwise distin- 
guished from the single limb occlusions. Others confirm 
these observations in longitudinal studies of AF efh- 
cacy.2334 

We believe this experience of 21 aortic GOs is the largest 
yet presented. Five grafts were implanted at another in- 
stitution, leaving 16 implanted by this practice. During 
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the study period, a total of 4126 aortic graft procedures 
were performed, 1073 tube grafts and 3053 bifurcation 
grafts. The thrombosis rate for tube grafts (n = 1) is 0.09%, 
compared with 0.5% for bifurcated grafts (n = 15). Two 
onlay grafts occluded and were replaced by in-line grafts. 

The importance of the profunda femoris artery in 
maintaining graft patency has been emphasized previ- 
ously,” and profundaplasty accompanied five of nine redo 
AFs. Graft occlusion occurred early (median, 1.3 years) 
but, once corrected, reasonable survival and limb salvage 
can be expected. 

Patients with aortic GO represent a hybrid group that 
manifest features of acute ischemia, albeit less severe than 
AAO. This insult is tolerated well, with a lower periop- 
erative mortality rate and good long-term survival. Most 
patients had original reconstructive procedures for occlu- 
sive disease; hence there was already well-developed col- 
laterals to maintain limited perfusion to the pelvis and 
lower extremities. 

Seven of 21 GOs occurred after previous aortic occlu- 
sions (six CAO, one AAO). Presentation did not include 
the poor cardiac function and end-organ ischemia found 
in AAO. Preoperative management included early anti- 
coagulation with heparin sodium, arteriography, and ex- 
peditious revascularization. Bilateral TFE was performed 
in two patients, though it proved to be a temporizing 
measure because both patients subsequently returned with 
another aortic GO. 


Aortic GO must be viewed as a technical failure sec- 


ondary to redundant graft, a distal anastomotic problem, 
or the result of progressive outflow occlusive disease. Sim- 
ple graft thrombectomy will not correct the underlying 
problem. Revascularization requires redo AF or extra- 
anatomic bypass. In either case, attention to the profunda 
femoris artery is important in providing run-off for prox- 
imal graft patency, because many patients have concom- 
itant superficial femoral artery occlusion. ‘The long-term 
patency of redo aortic grafts should approach that of pri- 
mary aortic reconstructions and, thus, afford an improved 
functional result when compared with AxF. 


Conclusion 


In summary, JRA occlusion can be viewed as a spec- 
trum of disorders ranging from AAO in a profoundly ill 
patient, through acute lower extremity ischemia found in 
GO, to chronic vascular insufficiency in CAO. The pre- 
sentation, management, and expected outcome vary by 
cause. Despite advances in critical care medicine and spe- 
cialized vascular and anesthetic techniques, AAO still has 
a poor prognosis. The principles of current therapy include 
rapid diagnosis, operative management, and anticoagu- 
lation. The future holds improved survival as we learn to 
pharmacologically manipulate ischemic physiology and 
preserve end-organ function. 
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In contrast, patients with acute GO and CAO survive 
their insults reasonably well. In-line aortic reconstruction 
for CAO results in durable limb preservation with im- 
proved function. Graft occlusion should continue to be 
managed with anticoagulation and expeditious revascu- 
larizetion. Attention must be directed, however, to the 
identification and correction of the underlying cause of 
graft failure. Long-term limb salvage and preservation of 
function can be achieved with diligence. 
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DISCUSSION 


DR. LARRY H. HOLLIER (New Orleans, Louisiana): I appreciate Dr. 
Edwards sending me a copy of this paper. I am glad he did in advance 
because it has so much information in it. It really is a massive work, 
Bill, and I think you are zo be congratulated; and your colleagues who 
did a lot of the background work in reviewing this information are cer- 
tainly to be congratulated. It represents one of the most extensive ex- 
periences and is very well documented. I have several questions about 
this. How many were lost to follow-up over that period, and would it 
make any difference in your survival rates? Secondly, in the acute oc- 
clusion patients, you have noted throughout the study fair morbidity 
and mortality rates. Although they seem to be high, they are actually 
what is expected and are almost the same mortality and morbidity rates 
that we have seen in our own patients with acute problems. These patients 
are sick, and multi-organ problems do occur. In view of the high mortality 
rate despite early and ag2ressive therapy, what are your thoughts con- 
cerning any role that theze might be for lytic therapy in these patients? 
Do you think that that would make a difference? About 10 or so years 
ago, Jack Wiley, Stoney. and Ehrenfeld commented about the risk of 
renal artery occlusion in patients with complete aortic obstruction. You 
noted in your presentation and in the paper that no patient presented 
with renal failure. But did you see evidence that would confirm Wiley’s 
expectation that these would progress up and occlude? And, finally, in 
the graft occlusion group, it is my own experience that end-to-side anas- 
tomoses in the aorta would appear to have a higher rate of graft failure 
from hemodynamic disturbances and neointimal fibroplasia. Could you 
tell any difference in these patients? Were these primarily end-to-end, 
end-to-side, or were they mixed? Thank you. 


Dr. STANLEY O. SNYDER, ‘JR. (Norfolk, Virginia): Dr. Edwards, I 
enjoyed your presentation and the opportunity to review this large 
manuscript also. As Larry said, the magnitude of this series is impressive 
and is ““Houstonoid.” I -hink the results are truly commendable, and I 
would like to comment 9n a couple of points and ask several questions. 
The mortality rate for acute aortic occlusions was actually quite good at 
31%, despite the increased requirements perhaps surgically for aortofem- 
oral reconstruction in two thirds of the thrombotic occlusions and in 
two of three of the unsuccessful embolectomy patients. I think the in- 
creased operative risk in the elective chronic aortic occlusion is highlighted 
by your 9% mortality race, compared with only a 2.6% mortality rate in 
the remaining 4100 patients in this series. The adjunctive 10 renal and 
four mesenteric revascularizations attest to the severity of disease and 
may have contributed to the increased mortality rate in this group. A 
somewhat disturbing finding in the chronic occlusive group was post- 
operative graft occlusion in six of the 66 patients, compared with only 
eight occlusions in the remaining 4100 patients in the series. My questions 
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are, do you have a standard preoperative cardiac or medical evaluation 
to help to determine whether aortic reconstruction versus axillofemoral 
bypass might be best? Secondly, do all patients with chronic aortic oc- 
clusion require elective reconstruction? And, if not, in light of Dr. Stoney’s 
and Dr. Hollier’s comments today, do you think that these patients should 
be on chronic anticoagulation? 

The other question concerns whether you know what the cause of 
graft occlusion was? You only had to do a profundaplasty in 20% of the 
patients who had aortic graft failure. I wondered about the possible cause 
for the other 80%. And, lastly, as with Larry, I would like to know if you 
think there is a role for thrombolytic therapy in these patients who are 
not in jeopardy for limb loss. Thank you. 


DR. WILEY F. BARKER (Los Angeles, California): Mr. President, 
Members and Guests, I want to compliment Dr. Edwards and his group 
on this presentation. And I have three slides that I would offer that I 
hope will be complementary to this. The first slide shows an acute oc- 
clusion of the kind that he is talking about. Well, it was not that acute; 
the patient was a very big and husky oi! field worker with about 5 weeks 
of acute, occlusive symptoms and ischemia, and we were astonished to 
find a 5- or 6-cm aneurysm in this man. There is nothing further to say 
about him, except that a few weeks later we saw a patient whom I can 
show better in this artist’s drawing. There was a slight infundibulum 
showing below the renal artery, and we thought we had a classical in- 
frarenal occlusion. When we entered the abdomen, that little infundib- 
ulum just tapered off into some fibrous bands that trickled down and 
finally joined what turned out to be a reconstitution of the iliac arteries 
with the extensive collateral. These are two quite different patterns of 
juxtarenal occlusion. I would point out that this man was in his 50s and 
had had no evidence of renal disease, perhaps a comment on the questions 
that were raised about the risk of renal involvement. The third slide then 
is probably the oldest slide shown in any of these meetings recently; this 
is a sketch from an 1835 paper by a man named Barth, who described 
the first patient, as far as I am aware, in which clinical claudication was 
clearly manifest. The patient happened to die of natural heart disease 
rather than of this, but was severely handicapped. If this is an acute and 
proper representation, this either represents a chronic and neglected aortic 
occlusion or a form of the hypoplasia that I showed in the second slide. 
I thought this might be of some interest because it probably even antedates 
the Houstonian work in this area. I want to compliment you again, and 
thank you. for the privilege of discussing it. 


Dr. CARLOS M. CHAVEZ (Brownsville, Texas): Dr. Ochsner, Dr. Jones, 
I think this is another well-structured and well-presented paper by Dr. 
Edwards’ group. It contains a lot of information. I have not had a chance 
to review the paper, but I am going to limit my comments to those cases 
of juxta-aortic occlusion. 
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Nearly 20 years ago, we described various techniques of treatment of 
what we labeled at that time high aortic or high Leriche’s syndrome, that 
is, Juxtarenal occlusion. Our results with 25 patients has been excellent 
in the short- and long-term follow-up. Our choice of treatment or anas- 
tomoses for the proximal part has been the end-to-end anastomoses, and 
temporary occlusion of the renal arteries at the time of the reconstruction 
has been essential. I would like to ask Dr. Edwards if he has or encountered 
any problems, renal problems, at the time of the reconstruction and how 
he handled the renal arteries at the time of thrombectomy that is done 
before the anastomoses. 


Dr. S. Scott TAPPER (Closing discussion): I would like to begin by 
thanking each discussant for their kind and valuable remarks, Dr. Hollier, 
our follow-up in this series was 100%. With the diligence of Dr. Edwards 
and his nurse Judy Jenkins, we were able to track down every single 
patient in this series. Our acute aortic occlusion did have an operative 
mortality rate of 31%, which is within the range of other published series. 
You asked if we had considered using lytic therapy. In fact this modality 
has not been used by us. Other people have reported the use of lytic 
therapy as an adjunct to reopening an occluded graft, but as you know, 
all of these reports are fraught with a high incidence of complication, 
and nearly every patient that had a graft reopened subsequently underwent 
an operative procedure anyway. With regard to chronic aortic occlusion 
and renal artery occlusion, we were not able to document and follow 
any patient that subsequently progressed to renal artery occlusion from 
a chronically occluded aorta. In our series of graft occlusions, we did 
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have two grafts that were end-to-side on-lay aortic bifurcation grafts. 
The rest were in-line, end-to-end anastomoses. 

Dr. Snyder, our preoperative assessment did not contain any formal 
elements other than a careful history and physical examination, and any 
further workup that was required was brought out from that history and 
physical examination. You asked an interesting question: Do all chron- 
ically occluded aortas require revascularization? We do not know the 
answer to that. In our series, we did revascularize every chronically oc- 
cluded aorta that we encountered. There have been other series in which 
patients with a chronically occluded aorta were not revascularized, and 
these patients showed a progression of disease with the involvement of 
the renal and mesenteric arteries. The cause of the graft occlusion can 
be uncovered in the operating room. And although profundaplasty was 
not always performed, we did have occasion to resect some false femoral 
aneurysms; we did notice some kinks in grafts; and there were some 
proximal anastomotic problems that accounted for some of the graft 
occlusions. 

Dr. Barker, thank you for your kind remarks. I noted during my re- 
search for this paper that you presented a very significant series of acute 
saddle embolus to this organization about 9 years ago. It was interesting 
to note that Dr. Dale discussed that paper. 

Dr. Chavez, we did not encounter any specific problems with renal 
arteries during the operations. Our standard treatment is to dissect them 
out, but we do not clamp the renal arteries before cross-clamping the 
aorta. 

I would end by thanking Dr. Edwards and the Association for the 
privilege of discussing this paper. 
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Between 1975 and 1990, 104 male patients with a total of 106 
breast cancers were treated at Memorial Hospital or the Ochsner 
Clinic and their records reviewed. The patients were followed 
for a median of 67 months (range, 0.5 to 14.4 years). Analysis 
of the frequency distribution by stage showed that 16 (17%) 
patients were stage 0 and 26 (27%) patients were stage I. The 
median duration of symptoms before diagnosis was 18 weeks 
(mean, 5 weeks; range, 1 to 156 weeks). Modified radical mas- 
tectomy was undertaken in 71 (67%) patients. The actuarial 5- 
year relapse-free surviral for the entire group was 68% and the 
actuarial 5-year overall survival was 85%. Relapse-free survival 
at § years for axillary node-negative patients was 87% and for 
node-positive patients was 30% (p < 0.001). Overall survival 
figures for the same subsets showed a 5-year survival of 100% 
for the node-negative subset and 60% for the node-positive subset. 
On multivariate analysis, the most powerful predictor of outcome 
in men was the status of the axillary lymph nodes, and the only 
prognostic factor that added significantly to this predictive power 
was the duration of symptoms. Patients who sought treatment 
less than 6 months after the onset of symptoms experienced a 
significant survival advantage when compared with patients 
whose symptoms were present for more than 6 months (p = 0.03). 
The profile of the stages at diagnosis, the treatment approach, 
and the survival rates approximate those reported in series of 
female breast cancers, and overall, the two diseases are remark- 
ably similar. 


LTHOUGH BREAST CANCER in men is an un- 
common d:sease, occurring less than 1% as often 
as in women, in 1991 an estimated 900 men in 
the United States will be diagnosed as having invasive 
breast cancer, and 300 of these will be expected to die of 
the disease.! Breast cancer represents less than 1% of all 
malignancies in males. Because of its rarity, carcinoma 
of the male breast has not been studied as extensively as 
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carcinoma of the female breast, and this fact has prompted 
us to combine the experience of two institutions in a ret- 
rospective analysis. 


Materials and Methods 


From i975 to 1990, 104 men with 106 primary oper- 
able breast carcinomas (two were synchronously bilateral) 
were treated at either Memorial Hospital or the Ochsner 
Clinic. Petients with clinical evidence of distant metastases 
or supraclavicular lymph node involvement at the time 
of presentation have been excluded. 

Follow-up was obtained by direct contact with the pa- 
tient or his family. The cause of death of patients was 
obtained from autopsy reports and death certificates, when 
available, or by correspondence with the hospital and 
physician caring for the patient at the time of his death. 

The TNM (tumor, nodes, and metastasis) staging was 
based on the pathologic size of the tumor and the patho- 
logic extent of axillary node metastases. 

Univariate statistical analyses of each prognostic factor 
was carried out using the Kaplan-Meier product limit 
method? and the log-rank test. The Cox regression 
method? was used in the multivariate survival analyses to 
identify a combination of factors that significantly im- 
pacted on survival. Wherever feasible, hazard plots were 
performed to assess the appropriateness of the propor- 
tional hazards assumption that underlies the Cox regres- 
sion model. Log-likelihood ratio tests were used in the 
multivariate analysis to assess the significance of factor 
combinations. 
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Results 


The median age at diagnosis of the men in this series 
was 58 years of age (mean, 61 years; range, 25 to 83 years). 
The median length of follow-up was 67 months (mean, 
68 months; range, 6 months to 15 years). 

Specific details concerning the time interval between 
the onset of breast symptoms and the definitive surgical 
management of the breast cancer (duration of symptoms) 
were available on 93 patients. The median duration of 
symptoms was 18 weeks (mean, 5 weeks; range, 1 to 156 
weeks). The presenting symptom was a mass in 77 (74%) 
patients. Bloody nipple discharge was present in 16 (15%) 
patients, and nipple retraction was the presenting symp- 
tom in 18 (17%) patients. Most patients had more than 
one symptom. 

Preoperative mammography was obtained in 50 pa- 
tients. Twenty-nine (58%) patients had an identifiable 
mass on mammography. Four (8%) patients had micro- 
calcifications alone, and 13 (26%) patients had an archi- 
tectural deformity. Mammography was falsely negative 
in four (8%) patients. 

Clinically significant gynecomastia was present in 24 
(23%) patients. None of the patients in this series had a 
history of Klinefelter’s syndrome, none had a history of 
feminization, none had undergone orchiectomy, and none 
were sterile. Twelve (11.5%) patients gave a history of 
trauma to the involved breast within 2 years of the di- 
agnosis of breast cancer. 

Details concerning family history of breast cancer were 
available in 87 patients. Twelve (14%) patients had a first- 
degree relative with a history of breast cancer. Eight (9%) 
patients had a history of a second-degree relative with 
breast cancer. Four patients had two first-degree relatives 
with breast cancer, three patients had three first-degree 
relatives with breast cancer, and one patient had four first- 
degree relatives (all sisters) with breast cancer. 

In 29 patients (27%), the tumor was centrally located, 
the most common site of the primary lesion. The second 
most common location was the 12 o’clock axis. Five pa- 
tients presented with clinical inflammatory carcinoma that 
was confirmed pathologically. Skin ulceration was a com- 
ponent of the disease in 10 patients at presentation, and 
three patients presented with tumors that were fixed to 


TABLE |. Type of Surgery 


Type of Mastectomy No. (%) 
Modified radical 71 (67) 
Radical 28 (26) 
Total 5 (5) 
Extended radical 1 (1) 
Wide excision I (1) 
Total 106 (100) 


* Total of 104 patients. Two patients had synchronous bilateral disease, 
and both underwent bilateral modified radical mastectomy. 
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TABLE 2. Histologic Types of Male Breast Cancer 
Histologic Type No. of Patients (%) 


Ductal carcinoma in situ 16 (15) 


Infiltrating duct 36 (34) 
Infiltrating duct + ductal carcinoma in situ 51 (48) 
Medt_lary/tubular 2 (2) 
Unspecified 1 (1) 


the p2ctoralis major muscle. Seven patients presented with 
Paget’s disease of the nipple. 

Tse diagnosis of carcinoma of the breast was made by 
open biopsy in 91 (87.5%) patients and by cytologic ex- 
amination of fine needle aspirate specimens alone in eight 
(8%) patients. The type of biopsy was not specified in 
seven cases. 

The most common surgical procedure employed in the 
mangegement of these carcinomas was modified radical 
mastectomy (71 patients, 67%). Radical mastectomy was 
empioyed in 28 (26%) patients, total mastectomy in 5 
(5%) >atients, extended radical mastectomy in | patient, 
and wide excision alone in | patient (Table 1). 

Th most common histologic type of breast cancer in 
men was the combination of infiltrating duct carcinoma 
with £ component of duct carcinoma in situ (51 patients, 
48%). Ductal carcinoma in situ alone was the diagnosis 
is 16 (15%) patients (Table 2). Lobular carcinoma was 
not seen. Lymphatic invasion was present in 18 of 77 
(23%) patients. Similarly, details concerning multicentric 
foci of carcinoma in the index breast were available on 
75 paitents, and seven (9%) of these were positive. The 
stage at presentation was as follows: stage 0, 16 (17%) 
patierts; stage I, 26 (27%) patients; stage II, 32 (33%) pa- 
tients: stage III, 21 (22%) patients. 

The status of the axillary lymph nodes was known in 
99 patients. Thirty-seven patients (38%) had pathologically 
positive nodes at the time of diagnosis. A full three-level 
axillary dissection was performed in 60 patients. The av- 
erage number of axillary nodes removed was 20. Negative 
level I nodes with involved level II nodes (skip metastases) 
were seen in four (4%) patients. Nine (15%) patients had 
involved level III axillary nodes. One patient had positive 
Rotters nodes. 

Details concerning the status of the steroid hormone 
receptors were available in a subset of patients. The status 
of the estrogen receptor protein was available in 46 pa- 
tients. 38 (83%) of whom were positive. The status of the 
proges-erone receptor protein was available in 42 patients, 
and 32 (76%) were positive. 

Details concerning adjuvant therapy were available in 
92 patents. Thirteen patients received cytotoxic chemo- 
therapy, and seven patients received tamoxifen. Adjuvant 
radiation therapy was administered to three patients, and 
adjuvant endocrine ablative surgery by orchiectomy in 
three patients. 
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TABLE 3. Status at Last Follow-up ` 
Status No. of Patients (%) 
No evidence of disease 61 (58) 
ASU: 3 (3) 
Alive with disease 5 (5) 
DOC 13 (12) 
Dead of disease 22 (21) 


ASU, alive, status unknown; DOC, dead of other causes. 


The status at last fcilow-up for this patient population 
is summarized in Table 3. Nineteen patients (18%) suf- 
fered a distant relapse. The most common site of distant 
relapse was the bone, occurring in 15 patients (83%). The 
second most commor. site of distant failure was the lung. 
Five patients suffered a local regional relapse (4.8%). 
Among the subset of 37 axillary node-positive patients, 
13 patients suffered a distant relapse (35%). Subsequent 
contralateral breast cancers occurred in five patients. 

The actuarial 5-year relapse-free survival for the entire 
group was 68%, and the actuarial 5-year overall survival 
was 85% (Figs. 1 and 2). Relapse-free survival at 5 years 
for axillary node-negative patients was 87% and for node- 
positive patients was 30% (p < 0.001). Overall survival 
figures for the same subsets disclosed a 5-year survival of 
100% for the node-negative subset and 60% for the node- 
positive subset (Fig. 3). Analysis of overall survival by 
stage disclosed a 5-year survival of 100% for stage 0 pa- 
tients, 83% for stage | patients, 70% for stage 2 patients, 
and 74% for stage 3 patients. The inconsistency between 
stage 2 and stage 3 survival resolves itself when a follow- 
up of 90 months is reached, at which time stage 3 patients 
begin to do worse than stage 2 patients. 

On multivariate analysis, the most powerful predictor 
of outcome in men with breast cancer is the status of the 
axillary lymph nodes (Table 4). The only factor that added 


significantly to the predictive power of the node status. 


was the duration of symptoms. 


Discussion 


Wainwright’ is generally credited with the first pub- 
lished report of a mgle breast cancer, in which he pro- 
claimed the lethality of the disease. Recognition for the 


TABLE 4. Predictors of Outcome in Male Patients With Breast Cancer 


Factor p (Univariate) p (Multivariate} 
Axillary lymph nodes <0.001 <0.001 
Duration of symptomst 0.01 0.03 
Tumor sizet 0.04 NS 
Age at diagnosis§ NS NS 
Estrogen receptor NS NS 
Progesterone receptor NS NS 


* Cox regression method. 

+ Population dichotomized at symptom duration of 6 months. 
¢ Analyzed as a continuous variable. 

§ NS, not significant. Significance defined as p < 0.05. 
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Fic. 1. Actuarial Kaplan-Meier plot of relapse-free survival after treat- 
ment of carcinoma of the male breast. 


first report of male breast carcinoma, however, should 
actually be given to the 14th century British physician, 
John of Arderne.? He discovered an enlarging mass be- 
neath the right nipple in a priest of Colstone. A local bar- 
ber-surgeon promised cure, but John “would let no cutting 
come there nigh.” 

Accurate pedigrees in male breast cancer patients have 
been poorly documented. In a collective series, Crichlow® 
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Fic, 2. Actuarial Kaplan-Meier plot of overall survival after treatment 
of carcinoma of the male breast. 
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Fic. 3. Actuarial Kaplan-Meier plot of overall survival as a function of 
the status of the axillary lymph nodes initially. 


found 10 cases of carcinoma of the breast in female blood 
relatives of 79 men with breast cancer. Most of these were 
not first-degree relatives. Rare families have been reported 
in which several males have developed breast cancer.°!? 
Our incidence of 14% of first-degree relatives with breast 
cancer is higher than other reported series. 

The cause of carcinoma of the breast is no better un- 


derstood in men than in women, but intrinsic differences 


in the target organ and hormonal milieu between the sexes 
provide a unique opportunity for study. Causative factors 
that have been implicated in the development of male 
breast cancer include hyperestrogenism, Klinefelter’s 
syndrome (sex chromosomes XXY), gynecomastia, 
trauma, and radiation injury.'*~'’ None of the patients in 
the current study had Klinefelter’s syndrome, sterility, or 


exposure to ionizing radiation therapy. Twenty-four pa-’ 


tients (23%) had clinical gynecomastia. Gynecomastia 
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dces not seem to be associated with the development of 
breast cancer. In Crichlow’s review,® only 17 (3%) cases 
of gynecomastia were reported among 625 male breast 
cancer patients. The microscopic appearance of gyneco- 
mastia (i.e., fibroepithelial hyperplasia and stromal hy- 
pertrophy), however, may actually be more common. In 
a review of male breast cancer patients treated at Memorial 
Hospital, whose cytologic material was reviewed by Heller 
et al_!® 40% were found to have microscopic evidence of 
gynecomastia. 

H:storically, male breast cancer patients typically pres- 
ent with a more advanced stage of disease than do 
women.!®*! A comparison by stage of disease at presen- 
tation for four groups of breast cancer patients, the current 
study of men treated between 1975 and 1990, men treated 
between 1960 and 1975 at Memorial Hospital, and 
women seen in calendar year 1989 at Memorial Hospital 
and the Ochsner Clinic, can be found in Table 5. For 
stage 0, stage I, and stage II, the pattern appears to ap- 
prox.mate the distribution seen in female breast cancers. 
There remains a preponderance of stage III patients in 
the male subset. 

In earlier series before 1951, an average delay of 18 
months between the onset of symptoms and the com- 
mencement of treatment was described.® In the later col- 
lected series of 587 cases, an average delay of 10 months 
occurred.” The median delay of 18 weeks (mean, 5 weeks) 
reported in this series is considerably shorter than the 
treatment delay reported in prior series. On multivariate 
Cox regression analysis, the duration of symptoms was 
the cnly prognostic factor that added consequentially to 
the predictive power of the axillary lymph node status. 
Patients with a delay in treatment of less than 6 months 
experienced a statistically significant overall survival ben- 
efit when compared with men whose symptoms were 
present for longer than 6 months (p = 0.03) (Table 4 and 
Fig. 4). 

The median age at which male breast cancer is diag- 
nosed is several years later than in women. In the Crichlow 
series, it was 59.6 years.° The earlier series reported by 
Holleb et al.’ gave a median age of 56, but in a more 
recent series it was 65 years.” Male breast cancer has 


TABLE 5. Comparison of Stage of Disease in Groups of Men and Women 


Sex Study Group 0 

M 1975-1990 16/95 (17%) 
M 1960-1975* 8/77 (10%) 
F Memorial Hospital, 1989+ 173/932 (18%) 
F Ochsner Foundation Hospital, 19894 25/162 (15%) 


* Heller K, Rosen P, Schottenfeld D, Ashikari R, Kinne D. Male 
breast cancer: a clinicopathologic study of 97 cases. Ann Surg 1973; 188: 
60-65. 

+ Patients treated on the Breast Service, Memorial Hospital, New York, 


Stage 
I H HI 
26/95 (27%) 32/95 (33%) 21/95 (22%) 
21/77 (27%) 37/77 (48%) 11/77 (14%) 
300/932 (32%) 365/932 (39%) 55/932 (6%) 
69/162 (43%) 51/162 (32%) 17/162 (10%) 


1989. Forty patients were either stage IV, or women not able to be staged. 
Patients treated in the Department of Surgery, Ochsner Clinic, New 
Orleans, 1989. 
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Fic. 4. Actuarial Kaplan-Meier plot of overall survival as a function of 


duration of symptoms. Inzormation about duration of symptoms was 
available for 93 patients. The subset has been dichotomized at a symptom 
duration of 6 months. 


been reported in patients as young as 5 years of age and 
as old as 93 years. The age at diagnosis of patients in our 
series did not impact on survival on multivariate analysis. 

The reported incidence of bilateral breast cancer in 
men, 1.4% of 1158 patients, is lower than in women. This 
may be due to a poorer prognosis from the primary cancer 
and the later age of diagnosis, with patients dying of other 
causes. In our series, two patients presented with syn- 
chronous bilateral disease and an additional five patients 
developed metachronous contralateral breast cancers. The 
reasons for this high rate of bilaterality are not clear, but 
may be a reflection of the increased numbers of early 
stage patients and tkeir improved survival. 

The standard surgical approach to male breast cancer 
in most reported series has been radical mastectomy. In 
the past several years at our institution, however, the 
modified radical mastectomy has supplanted the radical 
mastectomy in most cases. The transition has primarily 
been the result of the fact that patients are presenting with 
an earlier stage of disease. It should be noted, however, 
that radical mastectomy has not been abandoned as a 
treatment option for male breast cancer and is appropriate 
for lesions that invade the pectoralis major muscle or le- 
sions with involved Rotter’s nodes. Two of the authors 
(PIB and WMPM) would prefer to treat patients with lo- 
cally advanced cancer on a protocol of primary cytotoxic 
chemotherapy followed by toilet mastectomy and chest 
wall irradiation. 
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Recently, adjuvant systemic therapy has been advised 
for male patients with pathologically involved axillary 
lymph nodes. At our institutions, this involves combi- 
nation chemotherapy similar to that given in female breast 
cancer patients, with antiestrogen therapy in patients who 
are estrogen receptor positive. Little has been written on 
the subject of systemic therapy in male breast cancer. 
These analyses are difficult to interpret because of the 
need to review collective series.**”° In our series, 13 pa- 
tients received cytotoxic chemotherapy (Table 6). Six 
(46%) of these patients suffered a distant relapse. Fourteen 
patients were axillary node positive and did not receive 
any adjuvant therapy. In this subgroup, eight (57%) suf- 
fered a distant relapse. The small numbers involved pre- 
clude meaningful statistical analyses. A review of the lit- 
erature suggests that the alkylating agents and doxorubicin 
are the most effective agents in the treatment of male 
breast cancer, although few drugs have been adequately 
tested. 

Kinne and Hakes”® have summarized the literature of 
hormone manipulations in male breast cancer. The pic- 
ture is encouraging; the overall response rate to hormonal 
manipulation is 51%, and reaches 71% if estrogen receptor 
protein is positive. The authors warn that the literature 
in this area is sparse, however, and most reports on abla- 
tive procedures are from an earlier era when response 
criteria were ill defined. In our series, seven patients re- 
ceived tamoxifen, and one (14%) recurred systemically. 
None of the patients experienced any side effects to the 
tamoxifen. 

In Crichlow’s collective series and others, most results 
indicated that men with breast cancer had a poorer prog- 
nosis than women.®*’~*> The 5-year survival rate was 49% 
overall, ranging from 79% in the node-negative group to 
28% if nades were involved. Our 5-year survival of 100% 
in the node-negative group may be a partial reflection of 
the relatively higher number of stage 0 patients in our 
series. In the few series in which 10-year results were given, 
overall survival was 35% (62% if nodes were negative and 
only 4.3% in the node-positive subgroup). Pathologically 
involved axillary lymph nodes were observed in 55% of 
specimens, a significantly larger proportion than the 38% 
reported in the current study, and 1s possibly a reflection 
of treatment delay. Other reports have suggested that 


TABLE 6. Adjuvant Treatment in Male Patients With Breast Cancer 


Positive Axillary 


Nodes Distant Relapse 
No. of =. 
Adjuvant Therapy Patients No. (%) No. (%) 
CMF i2 11/12 (92) 6/12 (50) 
CAF 1 1 (100) 0 
Tamoxifen 7 5/7 (71) 1/7 (14) 


CMF, cyclophosphamide, methotrexate, 5-fluorouracil; CAF, cyclo- 
phosphamide, doxorubicin, 5-fluorouracil. 
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breast cancer in men carries a prognosis that is similar to 
the outcome in the female form of the disease.*°~“* 

The series reported by Heller and colleagues!® reported 
5- and 10-year results by clinical and pathologic stage and 
compared these results in men with an earlier experience 
in women reported by Schottenfeld et al. No difference 
at 5 years was noted; however, the overall survival rate at 
10 years was 40% for men, compared with 62% for 
women. This difference in 10-year survival rates was lim- 
ited to stage H patients with positive nodes; the 10-year 
survival rate of males with stage I (T1, NO, MO) disease 
was 89%, the same as in women. In this study, there were 
similar percentages of patients with pathologically negative 
nodes (46% versus 48%), similar involvement of level I 
nodes (17% versus 19%), and level II to III nodal involve- 
ment (28% versus 32%). Rosen and colleagues** have 
shown a close correlation between the highest level of 
axillary node involvement and the total number of met- 
astatic nodes. Therefore, this difference in survival rate 
of stage II male and female patients is probably not due 
to an increased number of involved nodes in men. 

Based on the acceptable survival rate among node-neg- 
ative male patients, we do not advise adjuvant therapy in 
this subgroup. 

Our survival data at 5 years are very similar to 5-year 
data reported for women treated with mastectomy. Pa- 
tients in the mastectomy arm of the National Surgical 
Adjuvant Breast Project (NSABP) B-06 trial, comparing 
modified radical mastectomy with breast conservation 
therapy, had a 66% 5-year relapse-free survival and a 76% 
overall (5-year) survival.*” These figures closely match 
survival figures in our series of male patients. 

We would agree with Crichlow et al.,** who have sug- 
gested that the central location of all male breast cancers 
in the presence of pathologically involved axillary nodes 
theoretically increases the likelihood of internal mammary 
lymph node involvement. To our knowledge, these nodes 
have not been evaluated or treated in any systematic 
manner, and the current study is no exception. Only one 
patient in our study underwent extended radical mastec- 
tomy, and his internal mammary nodes were negative. 
None of the initial (locoregional) recurrences were internal 
mammary node recurrences. Our present policy is to ad- 
vise all male breast cancer patients with positive axillary 
nodes to undergo adjuvant systemic therapy. It would not 
seem unreasonable to add radiation therapy to the internal 
mammary lymph node chain in patients with central and 
inner quadrant lesions. 


Summary 


Male breast cancer is evaluated and managed in a very © 


similar fashion to that for female breast cancer. Clinical 
gynecomastia does not seem to be associated with the 
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development of breast cancer. Mammography is less use- 
ful taan in women because of small breast size, but should 
be done to evaluate the contralateral breast. Primary 
Management in early stage disease is most often a modified 
radical mastectomy. Breast preservation is usually not an 
option because of small breast size and the absence of the 
psychological problems attendant to mastectomy in 
women. No firm recommendations can be made con- 
cerning adjuvant systemic therapy; however, it is likely 
that studies from female patients are adaptable. If admin- 
istered, chemotherapy similar to that used for female 
breast cancer is selected. Doxorubicin and alkylating 
agents are the most active drugs in the limited studies 
available. First-line hormonal therapy for metastatic dis- 
ease -n our institution is tamoxifen for estrogen-receptor— 
positive patients. Second-line therapy consists of proges- 
tins or antiandrogens/luteinizing hormone-releasing 
hormone analogs (buserelin). Third-line therapy consists 
of orchiectomy and, possibly, aminoglutethamide. 

Tke current study documents better survival figures 
than Aave been historically reported for male breast.cancer 
patients, and these may be a reflection of significantly 
reduced delay in treatment. The survival figures reported 
are similar to currently accepted figures reported for fe- 
male breast cancer. Moreover, as is the case with female 
breas: cancer, on multivariate analysis the most powerful 
predictor of outcome in men is the status of the axillary 
lympn nodes. The only prognostic factor that adds sig- 
nificantly to the predictive power of the axillary nodes is 
the duration of symptoms. Patients who sought treatment 
in less than 6 months after the onset of symptoms expe- 
rienced a significant survival advantage when compared 
with patients whose symptoms were present for more than 
6 months. 

In conclusion, carcinoma of the male breast is remark- 
ably similar to carcinoma of the female breast. The similar 
natural history of the two diseases suggests that breast 
cancers in women and men share a common origin. It 
also would appear’ that the poor prognosis reported in 
previcus studies has given way to improved public and 
medical awareness of the disease, and, specifically, to an 
awareness of the benefits of prompt diagnosis and the 
institution of therapy at a stage when cure may be possible. 
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DR. EDWARD M. COPELAND III (Gainesville, Florida): Dr. McKinnon, 
congratulations to you ard your colleagues on an excellent paper. It 
represents a large series of male patients that were treated during modern 
times and from which some definitive conclusions can be drawn. The 
paper supports my bias of many years that the same prognostic factors 
should be used for both male and female breast cancer, and that the 
survival rate for male breast cancer is worse because the disease is initially 
diagnosed at a later stage in men than in women. 

Now having said this, I was surprised at the 15% incidence of carcinoma 


in situ and the 48% incidence of both invasive and in situ disease together . 


in the same specimen. In women, in situ disease is often diagnosed by 
mammography. I would ask the authors to elaborate in more detail about 
the symptoms, diagnosis, and biopsy techniques for in situ disease in 
this series. The authors deleted patients from the series who presented 
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with distant metastasis. Presentation with distant metastasis in men is 
particularly unusual. How many such patients were there? Fourteen per 
cent of the patients had a family history of breast cancer. What recom- 
mendations, ifany, should be given to men who have several first-degree 
relatives with breast cancer? 

I had access to the manuscript, and there are some data in the manu- 
script that are equally as interesting as the data that Dr. McKinnon 
presented. For example, I was intrigued that most of the tested patients 
were both estrogen receptor (ER) and orogesterone receptor (PR) positive, 
and that responses in metastatic male breast cancer had been achieved 
with tamoxifen. The authors mention that tamoxifen is their first-line 
drug for metastatic disease in ER-positive patients. Is this true regardless 
of the patient’s age? 

Finally, I would agree with you, Dr. McKinnon, and at least one of 
your co-authors that neoadjuvant chemotherapy followed by surgery 
and radiation therapy is the treatment of choice for advanced male breast 
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cancer. Likewise, I would recommend radiation therapy, as do you, to 
patients who have central and inner quadrant lesions. I would use ra- 
diation therapy to the internal mammary lymph nodes, as you suggest 
in your manuscript. Thank you for the opportunity to discuss the paper. 


Dr. RICHARD G. MARTIN (Houston, Texas): Dr. Bland, Dr. Jones, 
Members and Guests, I certainly did enjoy this paper. And it is a very 
interesting subject, especially when you hear so much about breast cancer 
at this time, especially in the woman. We have had at the M. D. Anderson 
Hospital, since 1944, 215 cases of male breast cancer; however, only 72 
of those have been treated entirely at our institution. A lot of them in 
the early years came after they had been treated and had recurrences, 
and it was up to us to treat the metastases. We agree wholeheartedly that 
we should attack these very similarly to the female breast. 

I think that we need to look into the hormone area a little bit. I did 
not have the privilege of reading the paper, so Ted brought out some of 
the things on the hormones, and certainly we have found that tamoxifen 
is a good drug. It is interesting as far as family history is concerned. I 
was interviewing a female breast patient a couple years ago, and I asked 
if she had any family history — her mother, sisters, grandmother, aunts, 
cousins — and she said “no.” A couple days after I had operated on her, 
she said, “I made a mistake.” She said, “I didn’t tell you that my father’s 
brother had breast cancer.” So I think that that is intriguing, and I think 
that we need to look into that: whether the male breast patient can 
influence the female breast patient and vice versa. I think those are very 
important. 

I also would be interested to hear how they use mammography, es- 
pecially in patients with gynecomastia in that age group that might have 
malignancy, and also whether ultrasound and fine-needle aspiration 
biopsies are used. Thank you. 


Dr. ROBERT M. BEAZLEY (Boston, Massachusetts): Thank you, Kirby. 
Dr. McKinnon, J] enjoyed your paper, and when I saw the abstract, it 
reminded me of an experience that I had before leaving New Orleans, 
which constituted a review of experience in male breast cancer up until 
about 1982 in the Charity Hospital tumor registry and a few patients 
culled from the VA hospital. I would like to just briefly present a historical 
perspective at this point. There were 57 patients, with an average age of 
63 years. Roughly 24%, or 13, were classified as stage I. Most patients 
were treated with radical mastectomy, with an overall 5-year survival of 
64%. More than half were stage II, with positive nodes, and the 5-year 
survival for those patients was 30%. There were no survivors for what 
we classified as stage III, which constituted about one fourth of the total 
group. The overall survival rates for breast patients, both men and women, 
were compared, and we had 3300 female patients who had had mastec- 
tomies. Of the stage I group, 74% were 5-year survivors. Comparing that 
with our male breast group, 64% were 5-year survivors. In the stage II 
group, the numbers were almost the same, 38% and 30%. I think we 
came to the conclusion then that this was essentially the same disease 
as female disease and should be treated in roughly the same manner. 

My question for you concerns the use of radiology in these patients; 
most of the patients I see who have gynecomastia come in with a mam- 
mogram in hand, and somebody chuckling about it because it was tech- 
nically very difficult to do. 1am curious as to whether your radiologists 
called your mammograms positive for cancer or were they positive for 
“a mass”? Is it necessary to treat all patients with gynecomastia with 
some type of surgical procedure based on what you have learned from 
your review? Thank you. I enjoyed your paper. 


DR. VERNON H. REYNOLDS (Nashville, Tennessee): Dr. Bland, Mem- 
bers and Guests, I would like to congratulate Dr. McKinnon and his co- 
authors on a very fine and informative paper. I thought it would be 
appropriate with such a rare tumor to add still another experience. Last 
year we reported 41 cases of male carcinoma of the breast from the 
Vanderbilt-affiliated hospitals. This was from a 37-year period, 1950 to 
1987, again testifying to the rarity of this entity. Interestingly, 12% of 
our men had gynecomastia, and 8% had a family history of breast car- 
cinoma. Stage for stage, our male patients had the same 5-year survival 
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as women with breast carcinoma. Our stage I patients at 5 and 10 years 
had . 00% survival. Ten of our patients in the latter part of the study — 
in thz years when our determination of ERs were available ~ were all 
posit.ve, 100% positive. And I would like to suggest in view of this high 
frequency of positive hormone receptors that tamoxifen may gain in- 
creasing importance as the first-line adjuvant therapy for most male 
patieats with carcinoma of the breast. Again, I would like to thank the 
authors for the privilege of the floor, 


Dr. PATRICK I. BORGEN (Closing discussion): Dr. Ochsner, Dr. Bland, 
Dr. Jones, and Members of the Southern Surgical, I would like to express 
my sincere gratitude this afternoon for the privilege of the floor. I also 
would like to thank the other discussants for their excellent questions. 

Wih respect to Dr. Copeland’s remarks, just before I close, I am going 
to show you a slide on some new and upcoming prognostic factors at 
the genetic level that seem to be identical-in both the male and the female 
form of the disease. I promise I did not put Dr. Copeland up to that 
quest on. 

Wich respect to your question about the diagnosis of in situ disease 
in men, half of these presented as Paget’s disease of the nipple, and the 
other half were macroscopic palpable Paget’s disease. None of these were 
picked up on screening evaluations. I do not have a denominator for 
you on the patients that presented with distant metastatic disease and 
were eliminated from this study. 

As “or your question about recommendations for the relatives of these 
patierts, we have a high-risk special surveillance clinic. This is offered 
to the relatives of male patients with breast cancer. We try to obtain 
accurate pedigrees on all of these patients. Sometimes it is difficult. I 
think that that is a ripe area for further study. In previous years, Drs. 
Kinne and Hakes have reviewed the experience with hormonal manip- 
ulation in males with disseminated disease. And as alluded to by one of 
the other discussants, there’s a very high rate of ER-positive, PR-positive 
tumors in male breast cancers. Among those patients, there is a very 
high saccess rate of both partial and complete responses with drugs such 
as tamoxifen. In our study, we only had seven patients who received 
tamoxdfen in the adjuvant setting, and one of those patients had a systemic 
failure. 

Witn respect to Dr. Martin’s question about how we use mammog- 
raphy, if you eliminate the screening component of mammography, we 
use it exactly as we use it in female breast cancer. It is used primarily to 
evaluate the contralateral breast. In our series today, two of the 100 
patien-s had a synchronous bilateral tumor. 

I aporeciate Dr. Beazley’s remarks for a historical perspective. We had 
twice zs many stage I patients in our group. He had 13%. And our overall 
survival rate was better than 80%, compared with 65%. So things are 
getting better with time; it is becoming more like the female form of the 
disease. When you see a patient with gynecomastia, I think that you 
cannor overemphasize the importance of an accurate history. A drug 
history is critical. An examination for things such as testicular masses is 
also important. We also are in the habit of performing fine needle as- 
pirations for cytologic study of these masses. And if these cells are class 
i, no etypia, we often do not recommend biopsy. 

I have two concluding points that I would Itke to make that address 
the comparisons we have talked about this afternoon between male and 
female breast cancer. First of all, the ratio of female-to-male breast cancers 
has changed significantly over the past 15 years. We are all quite aware 
of the dramatic increase in the incidence of female breast cancers, in- 
creasing from 87,000 cases in the United States in 1977 to 175,000 cases 
this year. The incidence of male breast cancers has remained steady at 
900 cases per year. The ratio of women to men has gone from 100:! 
before to 1975 to 200:1 this year. To examine where this increase has 
occurred, we looked at age-specific female-to-male ratios, first from the 
Connecticut Tumor Registry over the period 1950 to 1965. During that 
period and over all age groups, the ratio remains steady at 100 female 
cancers to | male. From the years 1970 to 1979, in the Seer group, the 
ratio went to 550:1 in the 35- to 40-year-old age group and is well above 


a 100:1 ratio for all ages below 60. Therefore, it appears that at least part 


of the increase is due to an increased incidence of breast cancers in young 
women that has not been accompanied by an increase in breast cancers 
in yourg men. 

My second point concerns similarities between male and female breast 
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cancers at the genetic level. For this comparison, we turn to an ongoing 
genomic screening project in Dur laboratory. We evaluated 32 male breast 
cancer specimens for the status of five genes that have been studied 
extensively in female breast cancer. The HER-2/neu oncogene, amplified 
in 25% of women at the DNA level is amplified in 20% of men with 
breast cancer. The estrogen-responsive gene pS-2, described by Pierre 
Chambon, rarely amplified, 10% of women, 5% of men. The mutated 
form of the c-Harvey-ras oncogene and the interrelated protein gene 
(IRP), both so critical in in vitro studies and in animal models, appear 
to play no role at the DNA Hevel in either of these diseases. And, finally, 
the NM23 gene, a potentiel metastasis suppressor gene, described by 
Patricia Stieg from the NIH, we are talking about allelic deletion rather 


MALE BREAST CANCER 


459 


than amplification at the DNA level. In women, 50% of patients have 
both alleles we can see on Southern blotting. These cases we consider 
ta be evaluable. And in those 50%, there’s a 25% rate of loss of one or 
both copies of the gene. And, interestingly, this same profile is seen when 
we evaluated male breast cancers. Although we agree that the numbers 


are small and that no gene has been sufficient to describe the malignant 


phenotype of either male or female breast cancer, it is intriguing that 
such similarities exist at the DNA level for these five vastly different 
genes. And, finally, collaborative efforts such as this one between Me- 
morial Sloan-Kettering and the Ochsner Clinic continue to play an im- 
rortant role in increasing our knowledge of rare diseases such as carci- 
noma of the male breast. Thank you very much. 
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Gamma E immunoglobulin (IgE) is associated with allergic re- 
actions, but has not been described as being activated after trauma 
or sepsis. Total plasma IgE concentrations were determined in 
32 patients with major traumatic injury, 29 patients undergoing 
elective abdominal operations, and 30 healthy volunteers. Mean 
total IgE concentrations were 271.7 ng/mL, 52.3 ng/mL, and 

41.3 ng/mL, respectively (p < 0.01 for each comparison with 
' the trauma group). Total IgE concentrations in trauma patients 
at the time of admission were not significantly different from 
elective surgical controls, and tended to increase during the in- 
tensive care unit stay. In the trauma group, total IgE concentra- 
tion was significantly greater in the 18 patients that developed 
sepsis syndrome compared with those that did not (p = 0.034). 
These data suggest that allergic mechanisms may be involved 
in the physiologic response to major traumatic injury and sepsis 
syndrome, or that other cells known to be involved in the 
immune responses to trauma and sepsis (macrophages, platelets, 
and B lymphocytes) may become activated by IgE-dependent 
mechanisms. 


injury are not fully understood; however, most 

components of the immune system are involved 
to some extent in the pathophysiologic processes accom- 
panying trauma. It is clear that trauma predisposes pa- 
tients to sepsis syndrome and multiple organ failure. The 
responsible mechanisms often involve the interaction of 
bacteria or bacterial products with the immune system. 
A well-studied process is macrophage activation after en- 
dotoxemia. The activated macrophage releases various 
mediators including tumor necrosis factor (TNF), inter- 
leukin-1, and interleukin-6. These mediators are respon- 
sible for end organ effects such as adult respiratory distress 
syndrome (ARDS), cardiovascular instability, coagulop- 
athy, and renal and hepatic failure.’ 


T HE IMMUNE CONSEQUENCES of major traumatic 
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The potential involvement of allergy-related or gamma 
E immunoglobulin (IgE)-dependent immune system ac- 
tivation in the response to trauma or sepsis syndrome has 
not been adequately investigated. Jacobs and associates? 
measured blood histamine concentrations in patients with 
nontraumatic septic shock and found that histamine con- 
centrations were not elevated. They therefore concluded 
that histaminemia was unlikely to play an important role 
in the pathogenesis of septic shock in humans. 

Several IgE-mediated mechanisms may be responsible 
for the activation of inflammatory cells, resultant mediator 
release, and eventual organ dysfunction. Allergic mech- 
anisms may be activated if the patient is exposed to al- 
lergen. concurrent with IgE-sensitized basophils and mast 
cells. Activation of these cells may cause the release of 
preformed mediators, and generation of additional allergic 
mediators, including TNF.? Monocytes, eosinophils, 
platelets, and B lymphocytes may be activated through 
IgE bound to low-affinity IgE cell membrane receptors.* 

This study was conducted to determine if total plasma 
IgE was elevated in patients after major traumatic injury, 
and to determine if plasma concentrations of IgE were 
associated with sepsis syndrome, ARDS, renal failure, 
splenectomy, or death. Patient plasma specimens that had 
been previously collected and stored by the investigators 
were used for analysis. 


Methods 
Patients 


Plasma samples from three adult subject groups were 
analyzei. Group I patient plasma specimens had been 
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collected for a previous study and were stored frozen at. 
—20 C. The previous investigation compared the effec- 
tiveness of intravenous purified fibronectin with placebo 


in preventing sepsis.? Group I consisted of 32 patients . 


who experienced major traumatic injury from January of 
1986 through February of 1989 and were admitted to the 
trauma intensive care unit at the Medical College of 
Georgia. Patients witt burns or lethal head injury were 
excluded. The patients ranged in age from 18 to 55 years 
and were a subset of a 72-patient group previously re- 
ported.” All patients had an American College of Surgeon’s 
hospital trauma index of 10 or greater. Patients dying 
within 7 days of admission to the intensive care unit or 
remaining in the intensive care unit for less than 72 hours 
were also excluded. 

These 32 selected trauma patients included all 18 pa- 
tients of the 72-patient group who experienced a septic 
event, and 14 nonseplic patients with similar lengths of 
stay in the trauma intensive care unit. Characteristics of 
this patient group are presented in Table 1. A plasma 
bank was established for these patients, consisting of one 
to three daily specimens for the entire length of stay in 
the intensive care unit. o 

In the traumatically injured patient group, septic pa- 
tients most frequently developed infections in the blood- 
stream or lower respirétory tract. Bacteremia was observed 
in 14 patients; lower respiratory tract infection, in seven 
patients; and wound infection, in one patient. Sepsis syn- 
drome was associated with gram-negative bacteria in 10 
patients, gram-positive bacteria in three patients, and a 


TABLE 1. Characteristics of Patient Groups 


Traumatically injured patieats (group J) 


N 32 
Mean age (SD) 33 +8 
M/F 29/3 
American College of Surgeons score 13.9 + 2.9 
Range 10-22 
No. with 
Sepsis syndrome 18 (56%) 
ARDS 20 (63%) 
Renal failure 11 (34%) 
Splenectomy 9 (28%) 
Death 8 (25%) 
Elective surgery. patients (group II) 
N 29 
Mean age (SD) 5I +16 
M/F 16/13 
Indication for operation 
Colon cancer 14 
Colostomy closure 5 
Gastric surgery 5 
Pancreatic/biliary disease 4 
Other l 
Heaithy volunteers (group -ID 
N 30 
Mean age (SD) 31 +9 
M/F . 14/16 


ARDS, adult respiratory distress syndrome. 
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mixture of gram-negative and gram-positive bacteria in 
five patients. The most common isolate from blood was 
Enterobacter species (six patients). 

Group II consisted of 29 patients who underwent an 
elective abdominal operation during 1988 (Table 1). The 
mean age of this group was greater than the comparative 
groups. Venous blood samples were collected at the time 
of closure of the surgical incision. The initial intent of 
blood collection in these patients was to determine plasma 
antimicrobial concentrations in a surgical wound pro- 
phylaxis study. Group HI consisted of 30 heathy volun- 
teers who were hospital employees. Allergy histories were 
not available for any of the patient groups except that 
patients in group II could not have had a history of im- 
mediate or life-threatening reaction to beta-lactam anti- 
microbials. 


Total Immunoglobulin Determinations 


All plasma samples were stored at —20 C until assay. 
Total IgE concentration was determined on blinded spec- 
imens by an automated microparticle enzyme immu- 
noassay (IMx, Abbott Diagnostics, North Chicago, IL). 
The lower limit of detection of this assay is 0.1 ng/mL. 
Within-run and between-run coefficients of variation over 
the 0.1- to 480-ng/mL range were <3%. Specificity has 
been confirmed using purified IgE, IgM, IgG, and albu- 
min. For group I (trauma patients), total IgE was measured 
in three or four separate plasma samples from each pa- 
tient. The first sample was selected from plasma collected 
less than 24 hours after admission. Additional samples 
were chosen for analysis at approximately weekly intervals 
during the intensive care unit stay. For groups II and III 
{elective surgery and normal controls, respectively), 
plasma samples were obtained only once, and these were 
used for total IgE determination. 

Total IgG and IgM were determined two to three times 
weekly during the intensive care unit stay for group I pa- 
tients onlv. These were assayed by rate nephelometry 
‘Behring Diagnostics, Inc, Somerville, NJ). The lower 
limits of detection are 170 mg/dL for IgG and 25 mg/dL 
for IgM. The within-run and between-run coefficients of 
variation were 2.5% and 3.2% for IgG and 2.3% and 4.3% 
for IgM. The 95% confidence interval for normal range 
was 760 to 2150 mg/dL for IgG and 44 to 344 mg/dL 


for IgM. 


Clinical Definitions 


The following definitions were used for clinical events. 
Sepsis syndrome was determined by a combination of 
clinical signs and symptoms, as well as physiologic and 
laboratory data. Sepsis syndrome was defined as hypo- 
thermia (temperature < 35 C) or hyperthermia (temper- 
ature > 38.5 C), tachycardia (> 120 beats/minute), and 
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tachypnea (>20 breaths/minute), with clinical evidence 
of an infection and at least one end organ demonstrating 
inadequate perfusion or dysfunction, expressed as poor 
or altered cerebral function, hypoxemia (arterial PO, < 75 
mmHg), elevated plasma lactate, or oliguria (urine output 
<0.5 mL/kg/hour). 

Adult respiratory distress syndrome was defined as 
acute respiratory failure demonstrated by an arterial PO2/ 
fraction inspired oxygen ratio <200 with bilateral pul- 
monary infiltrates on chest x-ray, and no evidence of heart 
failure (pulmonary capillary wedge pressure < 18 mmHg). 
Renal failure was defined as an increase in serum creat- 
inine of at least 50% from a normal baseline in the absence 
of hypovolemia. 


Data Analysis 


Comparisons between groups for total IgE were per- 
formed by t test or analysis of variance for log-transformed 
values. A p value of less than or equal to 0.05 was accepted 
as significant. All mean total IgE data are presented as 
the geometric mean. 


Results 


Mean total IgE data are presented in Table 2. The mean 
total IgE concentrations were significantly greater for the 
trauma patients (group J) as compared with either of the 
control groups (II and III). Also, there was no significant 
difference between groups II and III. Frequency distri- 
butions of total IgE data expressed as percentiles of the 
nonallergic control population that was used to establish 
normal ranges for the IgE assay are shown in Figure 1. 
The mean percentiles for groups I, II, and IMI were 85.8, 
46.3, and 47.9, respectively. 

The plasma concentrations of total IgE in trauma pa- 
tients were further analyzed. To determine if total IgE 
increased during the intensive care unit stay, the highest 
total IgE was compared with the initial (first 24 hours) 
total IgE for each patient. The mean initial total IgE was 
100.3 ng/mL (range, 3.5 to 1336 ng/mL) (Fig. 2). The 
mean initial total IgE from group I was significantly dif- 


TABLE 2. Mean Total IgE Concentrations 


Mean IgE (ng/mL)* Significant Difference 
, (95% confidence for Comparative 
Group interval) Groups (p < 0.01) 

I Trauma patients 271.7 (156.0 to 473.4) II and II 
II Elective surgical 

controls 52.3 (24.8 to 80.6) I 
IH Healthy ` 

controls 41.3 (21.8 to 69.4) I 


* For group I, the highest observed value for each patient was used, 
whereas for groups II and IH, only one observation per patient was in- 
cluded. 
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FiG. I. Percentile distributions for total IgE concentrations for groups I, 
Hi, and IHI. 


ferer:t from the mean highest observed total IgE for that 
same group of 271.7 ng/mL (p = 0.0023). The mean initial 
total IgE concentration for group I, however, was not sig- 


TOTAL IgE 


1500 


1000 


Total IgE (ng/ml) 


500 
400 
300 
200 
100 





Initial Highest 


FiG. 2. Changes in total IgE concentrations from admission value to 
highest observed value for individual patients from the trauma group 
(group I) (with means noted by open circles) (p = 0.0023). 
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Fic. 3. Percentile of norma! control group for total IgG and IgM determinations in trauma patients (group I) at time of highest observed total IgE 


concentration. 


nificantly different from the mean total IgE in surgical 
control patients (group II, 52.3 ng/mL) (p = 0.135), but 
was significantly different from the mean total IgE in the 
normal controls (group IHI, 41.3 ng/mL) (p = 0.035). 

Total plasma IgG and total IgM concentrations were 
determined for the trauma patients (group I) during their 
intensive care unit stay. For each highest observed total 
IgE, total plasma IgG and IgM concentrations were avail- 
able for samples collected within 48 hours of the total IgE 
samples. The mean total IgG and IgM values (+ standard 
error of the mean) ccrresponding in time to the total IgE 
determinations were 1336.1 + 125.1 mg/dL and 109.5 
+ 18.9 mg/dL, respectively. The percentile distributions 
based on a normal control population of 120 hospital 
employees are presented in Figure 3. Gamma G immu- 
noglobulin values were extremely variable, approximating 
a bimodal distribution, with the peak frequencies occur- 
ring in the Sth and 95th percentiles. In contrast, total IgM 
values were skewed to the lower percentiles, with 25 of 
32 observations belcw the 20th percentile. 


Relationship to Clinical Events 


Total IgE values were analyzed in relation to the oc- 
currence of important clinical events in group I patients. 
The results of this analysis for the incidence of sepsis syn- 
drome, ARDS, renal failure, splenectomy, and death are 
presented in Table 3. Mean total IgE concentrations 
(highest observed) were significantly greater (p = 0.034) 
in septic patients. Mean total IgE concentrations were 
higher in patients with ARDS, renal failure, splenectomy 
and in those who expired, but were not significantly dif- 
ferent from the subset not experiencing the specific event. 
For 12 of the 18 septic patients, the highest total IgE ob- 


served was from the plasma sample collected closest to 
the time of the onset of sepsis syndrome. In five patients, 
the highest total IgE was observed after the resolution of 
sepsis syndrome, and in one patient the initial value was 
the highest value observed. 


Discussion 


The findings of this study demonstrate that total IgE 
plasma concentrations were increased in patients with 
major traumatic injury. Mean total IgE concentrations 
were significantly greater in septic patients compared with 
nonseptic patients. Although not significant, there was a 


TABLE 3. Relationship Between Highest Observed Total Plasma IgE 
Concentration and Clinical Events in Trauma Patients (Group I) 


Mean Total IgE 
(95% confidence 
Event N interval) p 
Sepsis 
Yes 18 388 (235 to 639) 0.034 
No 14 172 (98 to 302) 
ARDS 
Yes 20 331 (202 to 539) 0.195 
No 12 196 (104 to 372) 
Renal failure 
Yes 1] 432 (226 to 829) 0.083 
No 21 213 (133 to 340) 
Splenectomy 
Yes 9 330 (156 to 699) 0.537 
No 23 252 (158 to 403) 
Death* 
Yes 8 304 (136 to 679) 0.745 
No 24 262 (164 to 416) 


* While in the trauma intensive care unit. 
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trend toward elevated total IgE concentrations with organ 
dysfunction (ARDS and renal failure). 

Excluding patients who died within 48 hours of injury, 
the 32 trauma patients selected for this study were among 
the most severely injured of approximately 3600 total ad- 
missions to the trauma service during the study period. 
The severity of injury is supported by the high percentage 
of patients experiencing organ dysfunction and death. 

Increased plasma IgE could be the result of increased 
production, decreased degradation, or release from an IgE 
pool (such as low-affinity IgE Fc receptors on monocytes); 
however, the mechanism of IgE disregulation cannot be 
determined from this study. Increased IgE concentrations 
over a period of weeks in some patients suggest that the 
latter mechanism is unlikely. Also, it is not clear whether 
elevated IgE concentrations in this setting are a cause or 
effect of cellular and organ dysfunction that accompanies 
traumatic injury. It is possible that changes in IgE con- 
centrations resulted from fluid shifts, although low to 
normal serum albumin and total IgM values suggest that 
hemoconcentration is unlikely. 

In recent years, several mechanisms of IgE regulation 
` have been elucidated.°’ A major upregulator of IgE pro- 
duction in human and murine systems is interleukin-4 
(IL-4). More recently, IL-6 has been recognized as an en- 
hancer of IL-4—induced IgE production.®® Another me- 
diator involved in IgE production is interferon gamma. 
Interferon gamma appears to be an inhibitor of IL-4 and 
IgE synthesis.” In fact, increased production of IgE may 
be an indicator of imbalance between IL-4 and interferon 
gamma production.*'®'! Hyper-IgE syndrome has been 
associated with defective production of interferon 
gamma.!!-!? In the setting of trauma and sepsis syndrome, 
increased IL-4 activity may not only increase IgE pro- 
duction but also may suppress interferon gamma 
production”’*'* and inhibit monocyte release of other 
important mediators such as TNF-a, IL-6, and IL-1.'°1°”” 
Whether the overall effect of IL-4 is protective or detri- 
mental is not yet evident. 

The dichotomy of cytokine secretion and IgE produc- 
tion is relatively distinct in the murine system, where most 
CD4+ lymphocytes can be classified as Ty; (preferentially 
producing interferon-gamma, IL-2, and TNF-8) or Tip 
(preferentially producing IL-4, IL-5, and IL-6).!8 In the 
murine system, Ty. clones have been demonstrated to 
promote IgE production and inhibit cell-mediated im- 
munity. In normal humans, this distinction is not as ap- 
parent; however, subsets of Ty cells with differing cytokine 
production do exist.!? In patients with hyper-IgE 
syndrome’? and Mycobacterium leprae infections,” pref- 
erential cytokine production for Ty subsets has been 
demonstrated. 

A number of independent findings in traumatized and 
septic patients suggest that increased IgE production may 
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be favored. Promoters of IgE production (particularly IL- 
6) are reported to be increased after trauma and sepsis in 
hurans.!**°?! An inhibitor of IL-4~-induced IgE produc- 
tion, interferon gamma, is decreased.?*-*4 Other inflam- 
matory products demonstrated to enhance IL-4—-induced 
IgE production, such as prostaglandin E,, are in- 
creased. !*?325 Prostaglandin E; also may favor production 
of Ty cells preferentially, producing IL-4, IL-5, and IL- 
6.5 Also, of interest, corticosteroids have been demon- 
strated to enhance I[L-4-induced IgE production,” and 
the stress response in general may favor IgE production.” 
Interleukin-4 has not been well studied in the setting of 
trauma, and sepsis, but may be important because, in ad- 
dition to being a major inducer of IgE production, it is 
involved in attenuating macrophage production of TNF- 
alpha and other mediators.!*!° Also, IL-4 activation may 
partially explain depressed cell-mediated immunity which 
has teen well documented after traumatic injury.?”*° In- 
creased IgE may be the result of the altered cytokine en- 
virocment in trauma patients, and this may be an effect, 
as opposed to a cause, of sepsis and organ dysfunction. 

There are at least two potentially important implica- 
tions of elevated IgE in traumatized and septic patients. 
First, the possibility exists that allergic mechanisms may 
be involved in the physiologic response to major traumatic 
injury. Activated basophils and mast cells may not only 
release preformed and newly generated mediators of al- 
lergy, but also may be a-source of TNF, an important 
primzéry mediator of the sepsis syndrome.*?! Second, IgE 
may be involved in activation of a number of other cells, 
including macrophages, platelets, eosinophils, and B lym- 
phocytes, all of which have low-affinity IgE cell membrane 
receptors.” 4 Activation of any of these cells may initiate 
inflammatory processes that contribute to the develop- 
ment of organ dysfunction. 

In conclusion, this is an initial report of elevated plasma 
total IgE concentrations in patients who have experienced 
majortraumatic injury. Gamma E immunoglobulin con- 
centralions were higher in traumatically injured patients 
compéred with healthy volunteers or patients undergoing 
elective abdominal operations. Also, total IgE concentra- 
tions were higher in traumatically injured patients that 
developed sepsis syndrome. To more fully understand the 
implications of elevated IgE concentrations in these pa- 
tients, it will be necessary to determine the causes of IgE 
disregulation that accompany trauma and sepsis syn- 
drome. if elevated IgE concentrations result in cell acti- 
vation, and if this activation is responsible for the organ 
dysfunction of the sepsis syndrome. 
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for a person who does not work in this field to keep up with this, and I 
would suspect most-of you ought to wait until it comes out in Scientific 
American in about 10 years and read the comic book version. 
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a process of turning on and turning off these agents in sequence. I have 
said before, and I say again, what we probably need is something like a 
pulse oximeter for a moment-to-moment kind of measurement of these 
host defense responses before we will know what is happening in a mean- 
ingful way. I therefore would ask my one question that was generated 
by this presentation. Rather than look at the highest IgE levels, it would 
be more interesting to see a time course of some of these badly hurt 
patients, to see how promptly it goes up and how it waxes and wanes 
with their clinical illness. I believe that would tell us the most under 
those circumstances, and if you have some of those data, Dr. DiPiro, it 
would be nice to hear about it. I suspect that this is going to prove to be 
a valuable bit of information and something in a field that is growing 
exponentially right now, and I believe it will tell us a great deal about 
these interactions. I appreciated hearing the paper. Thank you very much. 


Dr. J. RAYMOND FLETCHER (Mobile, Alabama): Thank you very 
much, Dr. Bland, Dr. Jones. I really enjoyed the presentation. I think, 
like Dr. Polk, that this is a new piece of information that is very difficult 
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for us to sort out. And I agree also with Dr. Polk in that the concept of 
having a temporal relationship to this IgE may be very important. And, 
as Dr. Mansberger implied, a prospective study would probably be the 
best to provide that. I raise the question about whether or not this total 
elevation is truly comparable to the other two patient groups with respect 
to their intensive care unit stay and all the issues that go on with these 
complex patients. It would be of interest to identify the subsets of patients 
in which there might be the greatest change in these values and then 
make some temporal relationship to control patients under similar kinds 
of circumstances. I also would like to know what the relationship of these 
levels were to the patients that had positive blood cultures. 

I was surprised to find that only in the septic group of patients were 
there some correlations or significant differences. Many of the other pa- 
tients had multiple problems of renal failure, and pulmonary failure. So 
that is a kind of surprising piece of information because we know that 
in patients with sepsis there generally is multiple organ failure. I enjoyed 
this paper very much. I do think the mediators released would be of 
interest in these particular patients, and I would be curious if you have 
any of those data. Thank you very much for the privilege to discuss this 


paper. 


Dr. BENJAMIN F. RUSH (Newark, New Jersey): Dr. Bland, Dr. Jones, 
Members and Guests, it is a pleasure to comment on this very nice piece 
of work, which adds another portion, if you will, to the complex puzzle 
of the immune inflammatory response after severe trauma and shock. 
As the previous two discussants, I am rather hesitant to embark on this 
stew of cytokines into which this particular chain may be leading us. 

First of all, the antigen-antibody complex that is stimulated by trauma 
has been called by some the fuse that ultimately leads to activating the 
blasting cap, which is usually identified as a macrophage, and then of 
course the explosion of cytokines that result from that may lead to a Jot 
of the damage that one sees in the traumatized patient. You are looking 
here of course in terms of a immunoglobulin as an initiator of the com- 
plementary chain in most cases. And I ordinarily would antictpate that 
if you’re really interested in this particular chain, one would be inclined 
to look at IgG first, because 75% of the immunoglobulin is made up of 
that particular molecule. 

IgE has been identified as the particular immunoglobulin that may 
be more related to allergic reactions, to which the speaker has already 
referred. Thus, although it may well have an unsuspected role in the 
whole picture of the traumatized patient, and probably does deserve 
study, it is probably not the one to look at first. 

So I guess that leads me to my first question, Why are you looking at 
IgE, and what happened to IgM? Although I know that you did measure 
it, I would like to hear about that. 

Finally, we are looking at peaks here, Evaluation of cytokines that are 
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part of a chain of reactions must consider that they are consumed or 
bound as they are activated, leading not only to peaks but also valleys 
in tre level of concentration over time. So what I am also interested in 
is, how about the valleys? And finally, I would like to echo what Dr. 
Polk said: What happened over time? What did we see right at the ini- 
tiation of the trauma and then perhaps later on during the course of the 
trauma to the patient? At any rate, it looks to me as though this does 
oper up a new set of doors, and I will look forward to your future reports. 
Thank you very much. 


Ce., JOSEPH T. DiPrro (Closing discussion): Thank you, Dr. Bland. 
I would like to thank our discussants for their comments and questions. 

First of all, regarding the time course of IgE elevation, we did not have 
daily levels measured, and so our conclusions regarding the time course 
are limited. For the septic patients, we did observe that in 12 of 18 
patients the highest total IgE observed was from the plasma sample col- 
lectec closest to the time of the onset of sepsis, which was generally 
within 48 hours. In five patients, the highest total IgE was observed after 
the resolution of sepsis, up to 10 to 14 days later, and in one patient the 
initia value collected in the emergency room was the highest value ob- 
served. Regarding the control groups, for our healthy controls and our 
elective surgery controls, we only had access to one sample for each 
patiert. And in our healthy controls, we assumed that their IgE levels 
wculc be stable. We believed it more important to have samples that 
were evailable and stored under the same conditions, that is, frozen for 
a simlar time as opposed to collecting new fresh samples. 

Regarding information on the types of infections that these patients 
had, for the septic patients, bacteremia was observed in 14 patients, 
lower respiratory tract infections in seven patients, and wound infection 
in one patient. The sepsis syndrome was associated with gram-negative 
bacteremia in 10 patients, gram-positive infections in three, and a mixture 
of gram-negative and gram-positive in five patients. We have no data 
on mediator release. We were not sure of the stability of the mediators 
in frozen serum and chose to look at this in a' prospective fashion. 

Why did we select IgE? We found that this isotype has not been ad- 
equat2y studied in the setting of trauma. IgM and IgG have been ex- 
amined, and it is known that IgM is depressed after injury and sepsis. 
We could find nothing that addressed IgE, and theoretically a mechanism 
was available whereby it may participate in this process, so we thought 
it was Important to examine. 

Regerding the lowest IgE levels, given our limited data, there is not 
much that we can say other than that the initial levels that were collected 
on presentation to the emergency room were lower than those observed 
later during the ICU stay and were significantly different from our surgical 
conircls. 

Fina_ly, I would like to thank the members of the Association for the 
priviles= of discussing our paper. 





Abdominal Packing For Surgically 
Uncontrollable Hemorrhage 





Planned intra-abdominal packing for surgically uncontrollable 
hemorrhage from liver and retroperitoneal injuries exacerbated 
by hypothermia, acidosis, and coagulopathy regained popularity 
over the past decade. The authors reviewed 39 patients injured 
between August 1985 and September 1990; 31 packed for liver 
injuries, eight for nonliver injuries. The overall mortality rate 
was 44% (17/39); 9 (23%) exsanguinated, 3 (8%) died of head 
injuries, 3 (8%) of multisystem organ failure, 2 (5%) of late com- 
plications. The mean age was 33.9 + 16.2 (range, 16 to 79); there 
were 26 men and 13 women. Relaparotomy for pack removal 
was performed 2.0 + 1.1 days (range, 1 to 7) after initial oper- 
ation. The authors ideatified intraoperative risk factors of pH 
< 7.18, temperature < 33 C, prothrombin time = 16, partial 
thromboplastin time = 50, and transfusion of 10 units or more 
of blood as highly predictive of outcome. Patients with four to 
five risk factors (n = 3) had a 100% mortality rate (p < 0.04); 
two to three risk factors (n = 12), 83% mortality rate (p < 0.003), 
compared with zero to one risk factors (n = 24), 18% mortality 
rate. Complications developed in six of 22 survivors (27%): § 
abdominal abscesses (23%), 2 wound dehiscences (9%), and 2 
enterocutaneous fistulae (9%). Intra-abdominal packing will not 
stop all bleeding; 23% of the patients exsanguinated. In 77%, 
packing helped achieve hemostasis we believed was not otherwise 
possible. Packing may be done to prevent the development of 
acidosis, hypothermia, and coagulopathy or may be done early 
in the treatment of cold, acidotic patients rather than massive 


transfusion in the face of surgically uncorrectable bleeding. 
| of hypothermia, acidosis, and coagulopathy is a 
formidable problem for even the most experi- 
enced trauma surgeon. Planned perihepatic and intra-ab- 
dominal packing in such patients may be life saving and 
has regained popularity in the last decade.'* Packing as 


an adjunct to surgical techniques of resectional debride- 
ment, hepatotomy and selective vascular ligation, pro- 
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longed portal inflow occlusion with a Pringle maneuver, 
and vascular isolation techniques is widely accepted. 
Packing before definitive surgical repair at a planned re- 
operation is another alternative for patients undergoing 
exploration who are unstable or in whom the surgeon 
judges further blood loss to be untenable.’ 

Planned packing for nonliver injuries uncontrolled by 
standard surgical techniques is also practiced. The patient. 
with a severe pelvic fracture whose retroperitoneal he- 
matoma ruptures or who is surgically entered may only 
be surgically salvageable with planned packing. 

The critical events leading to the decision to pack are 
usually recognition of severe hepatic injures that continue 
to bleed after numerous surgical techniques and the de- 
velopment of coagulopathy. The timing of the decision 
to pack is controversial: should packing be instituted be- 
fore development of coagulopathy, and therefore a large 
number of patients are packed, or should packing be de- 
layed until the onset of coagulopathy, thereby lessening 
the number of patients packed but possibly decreasing the 
salvage rate? We have reviewed our experience with intra- 
abdominal packing for control of surgically uncorrectable 
hemorrhage over a 5-year period to review the impact of 
hypothermia, acidosis, and coagulopathy on success of 
packing. 


Materials and Methods 


The records of 39 adult patients undergoing perihepatic 
or intra-abdominal packing at Vanderbilt University 
Hospital between August 1985 and September 1990 were 
reviewed. Records were reviewed for demographic data 
on patient age, sex, and major diagnosis. We tabulated 
hospital stay, grade of liver injury (using the classification 
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TABLE 1. Liver Injury Classification Scale 


Grade Liver Injury 

i Capsular avulsion 
Parenchymal laceration <1 cm deep 

2 Parenchymal lacerétion <3 cm deep 
Subcapsular hematoma <10 cm 

3 Parenchymal laceration >3 cm deep 
Large subcapsular hematoma, <10 cm 
Central penetrating wound 

4 Massive unilobar damage 
Massive central hematoma 

5 Retrohepatic vena cava injury 


Hepatic venous injury 
Massive bilobar destruction ` 


system in Table 1), Injury Severity Score (ISS) and emer- 
gency room (ER) and operating room (OR) course. The 
presence of shock in the ER, transfusion in the ER, co- 
agulation studies done in the ER—prothrombin time (PT) 
and partial thromboplastin time (PTT)—temperature, 
and pH were recorded. The OR course, operation per- 
formed, outcome, packing and postoperative course were 
reviewed for mortality rate, day of re-laparotomy for pack 
removal, and complications. The coagulation studies re- 
corded were performed on the patient's arrival to the ER, 
usually through a femoral venipuncture, but not through 
heparinized arterial lines or central venous lines. The 
lowest pH recorded was from arterial blood gas analysis, 
‘and the lowest value measured in the ER or in the OR 
was recorded. The lowest temperature recorded was the 
lowest value recorded in the ER or OR. 

Operative technique for management of liver injuries 
‘included exposure through long midline incisions and 
initial tamponade of bleeding by manual compression. 
Major injuries were managed by mobilization and ex- 
posure of the liver followed by such techniques as resec- 
tional debridement, tractotomy or hepatotomy with se- 
lective vascular ligation, and portal inflow occlusion with 
the Pringle maneuver. Formal lobar resection, selection 
hepatic artery ligation, or atriocaval shunt placement were 
not used in this group of patients. Decision to pack was 
based on the surgeon’s opinion that coagulopathy had 
developed and nonmechanical hemorrhage was present 
or that the patient was too unstable to undergo further 
blood loss. Ruptured pelvic or retroperitoneal hematomas 
were packed in unstable patients in wham opening of the 
hematoma was believed to be futile. Packing was done 
with laparotomy pads applied directly over the bleeding 
sites. The abdomen was closed under tension with suture 
or towel clips to maintain pressure on the packs—no mesh 
closures were used at the initial operation. Transfusion 
management consisted of transfusion of 2 to 4 units of 
fresh frozen plasma and 6 to 12 units of platelets for each 
10 units of packed red blood cells transfused. Intraoper- 
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ative intravenous fluids, blood, and blood products were 
warmed or infused through rapid transfusion devices with 
warmers. Relaparotomy was done between 1 and 7 days 
afte? operation (usually 2 to 3 days) after cardiopulmonary 
function, coagulation factors, hypothermia, and acidosis 
were stabilized or corrected. 

Results were analyzed with the use of several statistical 
metaods including Student’s t test, chi square analysis, 
Fishzr’s exact test, and Pearson’s product-moment 
regression analysis. 


Results 


We identified 39 patients undergoing perihepatic or in- 
tra-asdominal packing for control of traumatic hemor- 
rhage by review of our trauma registry, interview with all 
attending trauma surgeons, and medical record review. 
We found 31 patients undergoing perihepatic packing for 
liver trauma and eight patients packed for control of ret- 
roperitoneal or pelvic hematoma bleeding. There were 26 
men and 13 women, reflecting a largely young male 
trauma population. The average age of the patients was 
33.9 + 16.2 years, ranging from 16 to 79. There were 22 
survivors and 17 deaths (overall mortality rate, 44%) with 
death due to hemorrhage in 9 (23%), head injury in 3 
(8%), multiple organ system failure in 3 (8%), and 2 late 
deaths (5%), 1 due to a myocardial infarction and | due 
to exsanguination from a tracheo-innominate fistula. 
There was only one patient in the group dying of multiple 
organ system failure that had an abdominal abscess as 
the cause of sepsis. These were severely injured patients 
with an average ISS of 37.9 + 10.3 (range, 16 to 79). 
Survivors had an average ISS of 34.7 + 10.6 (range, 16 
to 59), and nonsurvivors had an average ISS of 41.6 + 8.5 
(range. 29 to 79, not statistically different). These patients 
were massively transfused with an average of 18.9 + 20.0 
units of packed red cells administered in the ER and OR 
(range, 4 to 88). The deaths due to exsanguination oc- 
curred predominately in the OR (5/9, 56%). Three of five 
OR deaths occurred in patients with cardiac arrest resus- 
citated before operation in the field with closed chest car- 
diopulmonary resuscitation, and the other two deaths oc- 
curred in patients undergoing resuscitative thoracotomy 
for profound hypotension. The remaining four deaths due 
to exsanguination occurred immediately after operation. 


TABLE 2. Mechanism of Injury vs. Mortality Rate 


Injury No. (%) 
Motor vehicle accident 9/25 (36) 
Gunshot wound 2/6 (33) 
auto pedestrian 4/4 (100) 
Miscellaneous 2/4 (50) 


Vol. 215 + No. 5 


Most of the patients were injured in motor vehicle ac- 
cidents (Table 2). Pedestrians hit by automobiles had par- 
ticularly lethal injuries, with all four patients needing 
packing succumbing to their injuries. The miscellaneous 
injuries included two stab wound victims and two victims 
of falls. 

Analysis of the data comparing survivors with nonsur- 
vivors (Table 3) showed several expected similarities and 
several unexpected trends. We had expected that non- 
survivors sustaining liver injuries would have had higher- 
grade liver injuries than the survivors, but the trend was 
actually the opposite, with survivors having a trend toward 
worse liver injuries—however, this was not statistically 
different. The average age and transfusion need in the 
nonsurvivors was higher, but not statistically different. 
Importantly, the nonsurvivors had statistically higher ISS 
scores, lower temperature, lower pH, and significantly 
worse coagulopathy. Because the PT and PTT were drawn 
in the ER, they reflect patients coming into the OR pro- 
foundly coagulopathic. The lowest recorded pH and tem- 
perature in these patients were generally recorded in the 
OR in these patients and may have reflected the intra- 
operative development of acidosis and hypothermia rather 
than the preoperative existence of hypothermia and aci- 
dosis. Clearly the existence of preoperative coagulopathy 
significantly increases mortality rate and likely hastens 
the development of acidosis and hypothermia by increas- 
ing the need for transfusion. 

When we examined the mortality rate of the patients 
with liver injury anc stratified them by grade (Table 4), 
we found the inverse of what we had initially expected. 
We believed that wcrse liver injuries would have higher 
mortality rates and much higher transfusion need. We 
had one patient with a grade 2 liver laceration (no grade 
1 lacerations were packed) who was packed for the liver 
injury but who died of a subdural hematoma that rapidly 
progressed. This patient was transferred from an outside 
hospital acidotic and coagulopathic. We were disturbed 


TABLE 3. Comparison of Survivors and Nonsurvivors 


Survivors Nonsurvivors 

No. 22 17 
Age 31.8 +15.3 36.5 17 
ISS 34.7 + 10.6 41.6 + 8.5* 
Grade liver Injury 413+ 0.70 3.6 + 038 
Transfusions 12.4 + 8.0 21.6 + 18.3 
Lowest temperature 34.4 + 1.6 32.7 + 1.9* 
Lowest pH 7.24 + 0.10 7.14 + 12* 
PT 13.9 + 1.35 34.9 + 35.8" 
PTT 32.5 + 6.67 85.0 + 69.5* 

* p < 0.05. 

tp < 0.02. 


ISS, injury severity score; PT, prothrombin time; PTT, partial throm- 
boplastin time. 
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TABLE 4. Survival by Liver Injury Grade 


Mortality Rate 
eo Fs Red Blood Cell 


Grade No. (%) Transfusion 
2 (n= 1) 1/1 (100) 13 
3 {n= 9) 5/9 (56) 24.5 + 28 
4(n = 14) 6/14 (43) 13.7 13 
5 (n = 7) 2/7 (29) 14.7 + 10 


to see that mortality rate in the grade 3 liver laceration 
group was 56% and that these patients required an average 
of 24.5 + 28 units of blood. Further analysis of these 
deaths disclosed that three of the five deaths occurred in 
the OR in patients with preoperative cardiac arrest, and 
two deaths were late deaths due to septic complications 
(including one patient who died 5 days after receiving 88 
units of blood for a ruptured descending thoracic aorta, 
liver laceration, splenic laceration, pelvic fracture, and 
retroperitoneal pelvic hematoma). One patient with a 
grade 3 liver laceration from a close range shotgun wound 
destroying the stomach, tail of pancreas, spleen, splenic 
flexure of colon, and sustaining epicardial right ventricular 
lacerations required re-exploration 5 hours after operation 
for bleeding not controlled by the initial operation. Bleed- 
ing points in the liver were oversewn and he was repacked 
and survived. He illustrates the possibility of salvage in 
patients continuing to bleed after packing. Patients sus- 
taining grades 4 to 5 liver lacerations had better survival 
and lower blood transfusion needs, but no intergrade dif- 
ferences were statistically significantly different for either 
transfusion need or mortality rate. 

We were initially unsure that comparison of patients 
with liver injuries to patients packed for nonliver injuries 
would make sense. Patients packed for nonliver injuries 
were six patients packed for ruptured pelvic hematomas 
and two patients packed for ruptured perinephric and 
central retroperitoneal hematomas. The patients with 
nonliver injuries had many more injuries (Table 5) per 
patient (an average of 6.2 associated injuries) than did 
the liver injury patients (2.7 associated injuries). Only sig- 
nificant injuries were tabulated: rib fractures, scalp and 
facial lacerations, small bone fractures, minor concus- 
sions, and minor abdominal injuries such as hematuria, 
serosal tears, minor mesenteric lacerations, and untreated 
hepatic end splenic subcapsular hematomas were deemed 
to have little importance. Comparing data on these pa- 
tients (Table 6) shows great similarity between the groups. 
Although the age of patients packed for nonliver injuries 
was higher (but not statistically different) than patients 
packed for liver injuries, there were no differences in ISS, 
transfusion need, temperature, pH, or PTT. The only sig- 
nificant difference was in the admission PT of liver injury 
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TABLE 5. Associated Injuries 


Liver Injury (n = 31)* Other Injury (n = 8)t 


Injury No. Injury No. 
Abdominal Abdominal 
Spleen 8 Mesenteric laceration 5 
Colon 4 Colon 5 
Kidney 4 Spleen 4 
Diaphrgam 3 Stomach 4 
Pancreas 3 Diaphragm 3 
Duodenum 3 Pancreas 2 
Mesentery 2 Kidney 2 
Stomach 1 Small Bowel 2 
Gallbladder | Gallbladder 2 
Adrenal l Duodenum I 
Small Bowel I Aorta i 
Ovary I Iliac Artery ] 
Skeletal Vena Cava 
Long bone fracture 11 Skeletal 
Pelvic fracture 7 Pelvic fracture 6 
Spine fracture 3 Long oone fracture 5 
Facial fracture 3 Spine fracture l 
Chest Chest 
Hemo/pneumothorax 18 Hemo/pneumothorax 4 
Flail chest 2 Traumatic rupture aorta ] 
Traumatic rupture aorta l 
Head 
Closed head injury 8 


* 2.7 associated injuries per patient. 
f 6.2 associated injuries per patient. 


patients, which was significantly lower than in patients 
with nonliver injuries. Because the groups were so com- 
parable, we used grouped data on liver and nonliver in- 
juries in further analysis. 

Comparing data on the population broken into three 
groups (Table 7), we found important differences. Patients 
who exsanguinated were older than patients who survived 
or died of other causes. The patients who bled to death 
were 2 C colder than survivors or patients who died of 
other causes. These patients were also far more acidotic 
and coagulopathic than survivors. It should be re-em- 
phasized that the coagulopathy was present on admission 


TABLE 6. Comparison of Liver Injury and Other Injury 
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Liver Injury Other Injury 
No. 31 8 
Age 32.0 + 13.2 41.0 + 23.3 
ISS 37.8 +10.5 38.3 + 9.3 
Mortality rate 14 (45.2%) 3 (37.5%) 
Transfusion 16.6 + 15.7 15.5 + 6.0 
Lowest temperature 33.8 + 18 34.1 + 2.1 
Lowest pH 7.18 + 0.10 7.244 0.17 
PT 25.2 + 28.4* 14.3 + 14 
PTT 56.4 + 57.3 50.5 + 28.6 

* p < 0.05. 


ISS, injury severity score; PT, prothrombin time; PTT, 


boplastin time. 


partial throm- 
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TABLE 7. Comparison of Survivors vs. Patients who Exsanguinated 
and Patients who Died of Other Causes 


Patients who Death of 
Survivors Exsanguinated Other Causes 

No. 22 9 8 
Age 31.8 + 15.3 45.3 +184 26.6 + 6.8 
ISS 34.7 + 10.6 36.2 + 5.8 47.7 + 5,9* 
Grade liver injury 4.13 + 0.70 3S7 E10 35 2-055 
Transfusion 124 + 8.0 17.9 + 74 25.8 + 24.8 
Lowest 

temperature 34.4 + 1.6 31.6 + 12* 334 + 19 
Lowest pH 7.24+ 0.10 712+ O11F 7.164 0.12 
PT 13.9 + 1,35 43.22 +40 27.7 +29.8 
PTT 32.5 + 667 109 +704+ 64.7 +61.8 

* p< .001 

tp< 0l. 

tp < .05. 


ISS, injury severity score; PT, prothrombin time; PTT, partial throm- 
boplastin time. 


to the ER and did not reflect the development of coagu- 
lopathy intraoperatively from consumption or dilution. 
The five patients who bled to death in the OR were prob- 
ably not salvageable by any technique, because all had 
preoperative cardiopulmonary resuscitation or resusci- 
tative thoracotomy. The patients dying of other causes 
(head injury, multiple organ system failure associated with 
sepsis, myocardial infarction, and a tracheoinnominate. 
artery fistula) were found to have a statistically higher ISS 
than survivors or patients who bled to death. Patients 
dying of other causes had very high ISS and correspond- 
ingly had higher transfusion needs (an average of 25.8 
+ 24.8 units; range, 4 to 88) because most had significant 
preoperative coagulopathy. 

We stratified the patients by risk factors of age, pH, 
temperature, PT, PTT, and transfusion need (Table 8). 
The risk of death stratified by age did not by itself have 
meaningful importance. The death rate of patients over 
the age of 50 was not significantly higher than that for 
patients under 50 years of age. We found statistically sig- 
nificant greater mortality rates in patients with pH < 7.18, 
PT = 16, or PTT = 50. No significant differences in mor- 
tality rates were seen in patients with temperature < 33 


TABLE 8. Mortality vs. Risk Factors 


Mortality Risk Factor Mortality 
42% <50 Age 250 50% 
67% <7.18 pH >7.18 26%* 
55% <33° Temperature <33 C 20% 
29% <16 PT 216 78%* 
29% <50 PTT =50 100%* 
20% <10 Transfusion =10 59% 

p < 0.05. 


PT, prothrombin time; PTT, partial thromboplastin time. 
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TABLE 9. Regression Analysis 
PT vs. PTT 4 = 0.938 
Temperature vs, pH r=0.511 
Temperature ys. PTT r = —0.497 
Temperature vs. PT r = —0.233 
Temperature vs. transfusion r= —0.158 
pH vs. transfusion r = —0.334 


PT, prothrombin time; FTT, partial thromboplastin time. 


C compared with patients with temperature > 33 C, al- 
though the trend was much worse and the risk of death 
was high in the hypothermic group. Transfusion of 10 or 
more units of blood carried a high mortality rate (59%), 
but it did not achieve statistical significance compared 
with less than 10 units’ transfusion. These points of di- 
vision: pH < 7.18, temperature < 33 C, PT = 16, PTT 
> 50, and transfusion > 10 units of blood were looked at 
as grouped risk factors. We found that patients with four 
to five risk factors positive (n = 3) had 100% mortality 
rate, those with two to three risk factors positive (n = 12) 
had a mortality rate of 83%, and patients with zero to one 
risk factors positive (n = 24) had an 18% mortality rate. 
The risk of dying with four to five risk factors positive 
was significantly higher than with zero to one (p < 0.04), 
as was the risk of dying with two to three risk factors 
positive (p < 0.003). 
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Multiple regression analyses of the data were done to 
find significant correlations in trends (Table 9). The 
strongest correlation (r = 0.938) was in examining coag- 
ulopathy, and an obvious correlation existed between 
measures of coagulopathy—the PT and the PT T—-show- 
ing that when one measure of coagulation became ab- 
normal the other would also be similarly abnormal. We 
believed that decreasing temperature would correlate well 
with the development of acidosis (Fig. 1), but found only 
a moderately strong correlation (r = 0.511). Strong efforts 
at maintaining proper temperature of the massively 
transfused patient were visible in examining the correla- 
tion of temperature and transfusion needs. Despite mas- 
sive transfusion with expected decreased body tempera- 
tures, there was only a weak correlation found (r = —-0.158, 
Fig. 2). . 

Postoperative complications were common in patients 
initially surviving the operation. Septic complications de- 
veloped in six survivors (27%). There were 5 abdominal 
abscesses (23%), 2 wound dehiscences, and 2 enterocu- 
taneous fistulas. We suspected that packing patients who 
sustained hollow visceral injuries with more contaminated 
operations would be followed by a higher incidence of 
infectious complications than in patients with only solid 
visceral injuries, but found the opposite. Patients sustain- 
ing hollow visceral injuries had a 14% incidence (1/7) of 
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Fic. 1. Correlation of temperature (C) vs. pH. Circles represent nonsurvivors; x represents survivors. 
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Fic. 2. Weak correlation of temperature decreasing with increasing transfus.on. Circles represent nonsurvivors; x represents survivors. 


abdominal abscess, whereas 27% (4/15) of the patients 
with solid visceral injuries only developed septic compli- 
cations. We suspected a larger duration of packing in pa- 
tients developing complications, but found that those pa- 
tients developing septic complications had packs removed 
2.2 + 0.4 days (range, 2 to 3 days) after injury, no different 
from those not developing complications: 2.0 + 1.0 days 
(range, 1 to 7). 


Discussion 


Packing of the abdomen for hemorrhage has undergone 
a rebirth since being soundly discouraged after military 
experience in World War II and the Vietnam War. Pack- 
ing of liver injuries was repopularized by preliminary re- 
ports in the 1980s by Feliciano et al.,* Svoboda et al.,° 
and Carmona et al.° These authors used perihepatic pack- 
ing as an adjunct in obtaining hemostasis in coagulopathic 
patients sustaining major liver injuries. Survival was found 
to be good (83% to 90%) in patients believed otherwise 
to be unsalvageable. 

The technique of the use of packing has improved from 
the packs used decades before. No longer are packs placed 
in the manner of vaginal packing to be withdrawn through 
holes in the abdominal wall. Delayed hemorrhage and 
poor control of hemorrhage are the problems with loose 


pack= of rolls of gauze. Modern techniques employed are 
dry l=parotomy pads placed directly over the injury with 
the abdomen closed under tension to provide tamponade 
to a bleeding wound. Packs are carefully removed at a 
planned second laparotomy once the patient has stabilized 
hemcdynamically, become normothermic, and appro- 
priat= correction of coagulopathy has occurred. Loose 
packs of gauze and Penrose drain packs were not found 
to be effective.’ Planned re-exploration has been suggested 
as early relaparotomy—12-24 hours°—or as a delayed 
relapzrotomy at 5 days.* The concern that removal of the 
packs would cause reactionary hemorrhage as the clot 
was <:slodged from the liver surface led to the use of plas- 
tic-ccvered laparotomy pads by Feliciano et al.’ The ability 
to close the abdomen rapidly and under tension may be 
very zifhicult in patients with packs and massive edema 
of the bowel. Towel clip closure of the abdomen may aid 
and speed such closure compared with retention suture 
techniques or plastic silo techniques. Closure of the ab- 
domen tightly after placement of multiple laparotomy 
pads directly on the wound has the potential side effect 
of causing undesirable rises in intra-abdominal pressure 
after operation. Mesh closure of the abdomen has been 
used m abdomens that could not otherwise be closed 
withoat compromising bowel viability or ventilation. Cue 
et al.? “ound a decreased intra-abdominal abscess rate after 
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mesh closures of the abdomen, and recommends mesh 
to aid closure in patients with massive edema, packs, and 
tenuous pulmonary status. 

The complications of packing are thought to be an in- 
crease in septic complications after pack removal. The 
occurrence of intra-atdominal abscesses (23% of our sur- 
vivors, 18% in other series’) seems quite high and is likely 
attributable to the uniortunate combination of operative 
field contamination, presence of a foreign body, and im- 
munocompromise brought about by massive transfusion, 
shock, and multiple system injury. We did not have any 
patient whose abdominal packing caused such great intra- 
abdominal pressure that the patient could not be venti- 
lated or that caused cliguria. 

Packing has not been uniformly successful in stopping 
all deaths from exsanzuination. The multicenter study of 
liver injuries’ found a 59% survival in patients packed as 
an adjunct to surgical repair of severe liver injuries. Fifty- 
seven per cent survival was reported by Feliciano et al. 
in 1986! in a population of mostly penetrating trauma 
victims. Feliciano et al. importantly identify a group of 
patients packed in desperation who all exsanguinated re- 
gardless of efforts. These are patients operated on with 
prolonged profound hypotension, preoperative cardiac 
arrest, or emergency thoracotomy for cardiac arrest. Cue 
et al.? reported an overall mortality rate of 49% in a pop- 
ulation of patients undergoing mostly blunt injuries, which 
is similar to the Vanderbilt experience with an overall 
mortality rate of 44%. Exsanguination occurred in 23% 
of the Vanderbilt experience, implying that 77% of the 
patients lived that might well not have survived an initial 
operation without pecking. We found that our five deaths 
in the OR were patients packed in desperation who were 
in extremis before cperation and agree that no surgical 
techniques currently exist that will save this group of pa- 
tients. 

Packing as an adjunct to the management of severe 
liver injuries (grades 3, 4, and 5) cannot be proven pro- 
spectively to improve survival. The multicenter liver in- 
jury study? found overall mortality rates for grade 3, 4, 
and 5 injuries to be 25%, 46%, and 80% in a group of 
patients surgically managed with standard techniques in 
which only 16% were packed. In comparison, our mor- 
tality rates for grade 3, 4, and 5 injuries of 56%, 43%, and 
29% are respectable when viewed in the context that these 
patient were packed for unmanageable hemorrhage. Our 
survival rate of 62.2% for patients packed for pelvic and 
retroperitoneal hemorrhage seems reasonable in compar- 
ison with our liver injury patients, whose survival is 55% 
and whose age, ISS, transfusion need, acidosis, hypother- 
mia, and coagulopathy is very similar. 

The decision to pack is a difficult one and the timing 
at which packing should be done is controversial. General 
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guidelines often recommend considering packing when 
blood loss in liver injury patients reaches 10 units.!° Aci- 
dotic and hypothermic patients have been recommended 
to be packed,* but more specific guidelines have not been 
widely developed. Consideration of packing or changing 
surgical technique at 6 units of blood loss? is a thoughtful 
recommendation. It is easy for a surgeon to lose track of 
blood loss and continue futile techniques of suturing and 
cautery long after the patient is profoundly coagulopathic. 
Packing in patients with injuries to the retrohepatic vena 
cava and large intrahepatic veins has been thought to be 
contraindicated,’ but recent experience has shown that 
packing may be a helpful adjunct in patients with such 
injuries.’ 

It is difficult to separate out the most important factor 
in a patient who has confounding problems of acidosis, 
hypothermia, and coagulopathy. They are clearly inter- 
related and are critically important in survival.’ It seems 
clear that preventing hypothermia, acidosis, and coagu- 
lopathy will be beneficial, but it is not clear that correction 
of these factors can be done intraoperatively with proven 
improvement in survival. 

Standard rewarming techniques of irrigation of body 
cavities with warm saline solution, warming intravenous 
fluids and blood products, using warmers on anesthetic 
gases, and heating pads on the operating table fails to 
significantly rewarm cold patients. Gentilello et al.'° have 
evaluated the correction of coagulopathy in experimental 
animals by rapid rewarming techniques using a heparin- 
less extracorporeal circulatory warmer and find rapid cor- 
rection of hypothermia-induced coagulopathy without 
need for plasma or platelets. Human application of this 
technique remains to be shown effective, but this tech- 
nique certainly seems promising. 

Our current recommendations for management of the 
patient with uncorrectable bleeding is to use packing when 
sutures no longer suffice. We recommend standard sur- 
gical techniques in liver injuries, using manual compres- 
sion of the liver, generous mobilization, prolonged inflow 
occlusion using the Pringle maneuver, hepatotomy, and 
selective vascular ligation techniques as outlined by Pach- 
ter et al.'! We have had success in repair and ligation of 
hepatic venous injuries using this technique without the 
use of an atriocaval shunt. To forestall the development 
of coagulopathy in patients arriving in the operating room 
normothermic, nonacidotic, and noncoagulopathic, we 
consider packing of the abdomen for either liver or non- 
liver injuries when blood transfusion requirements exceed 
10 units of blood. If patients intraoperatively drop their 
temperature below 33 C, their pH below 7.18, or show 
signs of coagulopathy, we consider packing at that point. 
In patients arriving at the operating room cold, acidotic, 
and coazgulopathic, we consider packing long before 10 
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units of blood are administered. We do not plan relapa- 
rotomy for pack removal until hypothermia, acidosis, and 
coagulopathy have been corrected, which frequently takes 
48 to 72 hours. Patients who continue to bleed after pack- 
ing must be re-explored if survival is to be expected. 
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DISCUSSION 


Dr. H. LEON PACHTER (New York, New York): Dr. Bland, Dr. Jones, 
Members and Guests, I want to thank Dr. Sharp and the Vanderbilt 
group for allowing me to review their manuscript. And, as Dr. Sharp 
has noted, packing got a bad reputation in the early part of World War 
II, when the results were disastrous. In fact, I have heard from some 
people that it was a court martial offense to pack [a liver injury] after 
1943. Perihepatic packing has been resurrected into the realm of ac- 
ceptability, however, and as Dr. Sharp has outlined, it has really become 
a technique that is the procedure of choice when faced with the threat 
of exsanguination from a coagulopathy. Detailed and specific guidelines 
for packing have been lacking, and the institution of this technique has 
for the most part been brought about by an all-inclusive term such as 
nonmechanical bleeding or coagulopathy. To the credit of the Vanderbilt 
group, some science has finally been introduced into this very important 
concept, because they have identified specific objective risk factors by 
which a handle can be placed on the use of packing, which can be mon- 
itored easily in all operating rooms. Additionally, Dr. Sharp and the 
Vanderbilt group have shown us that associated hollow viscus injuries 
are not a contraindication to packing, and in fact, as you just saw, the 
abscess rate was no different in those patients that had hollow viscus 
injury and those that did not. Dr. Sharp and the Vanderbilt group are 
really modest when they report a mortality rate of 44%, 17 of 39 patients. 
If you exclude the three patients that had head injuries and the five 
patients that died in the operating room when packing was used as a last 
desperate maneuver, their adjusted mortality rate was only 23%. 

As you can see, in the data here from the last 8 years, there are about 
250 patients available for analysis. One hundred sixty-three survived, 
which is a rate of 65%. And it is quite clear to me that most of those 
patients would have died had any other technique been used. But packing, 
however, despite the results just cited, is not to be equated with mother- 
hood and apple pie. Twenty-three per cent of the patients in this series 
exsanguinated despite the use of packing. And when packing is used as 
a last desperate maneuver, the results are predictable. 

As we see here, when used as a last desperate maneuver in the patients 
treated by Drs. Feliciano, Cogbill, and Cue (n = 47), only one survived 
when packing was used as a last desperate maneuver. When used as an 
adjunctive maneuver, however, of 106 patients, 71 patients survived . 
(67%). I have a few questions for the authors. 

The first is, what percentage of your patients with complex hepatic 
injuries do you pack? In other words, how often should packing be used? 
The second is, what are the authors feeling on monitoring intra-abdominal 
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pressure to prevent oliguria and subsequent renal failure? And what are 
the authors’ feelings on the use of packing when confronted with a jux- 
tahepatic venous injury, considering the reports by Richardson and Cue 
from the Louisville group, and Sandy Beal, where several patients with 
retrohepatic caval injuries were packed and subsequently salvaged at a 
second surgery? And, lastly, I was intrigued by the fact that there was 
no difference in the abscess rate whether the packs were removed early 
or late. Conventional wisdom has been to try to get them out as soon 
as possible; however, this should only be done after the coagulopathy, 
acidosis, and hypothermia have been corrected. I enjoyed this paper very 
much. And I want to thank the Association for the privilege of the floor. 


Dr. H. HARLAN STONE (Phoenix, Arizona): A little more than a decade 
ago, Drs. Feliciano, Maddox, and Jordan stressed the importance of 
packing liver injuries when the patient was facing exsanguination. We 
at Grady Hospital were influenced by their experience and accordingly 
began using abdominal packing to manage these types of patients. 

(Slid2) Our initial experience, as you will see in the pack column, was 
quite good, and we presented these data at this meeting 9 years ago. 
Subsequent experience showed no improvement over what we had done 
initially. Several other problems arose, and we noted that there were a 
number of patients in whom we never gained control of their coagulop- 
athy despite correcting pH, warming the patient, and giving fresh frozen 
plasma as well as platelets. We also noted that most patients in whom 
we failed to control the coagulopathy had significant liver disease. They 
either had advanced cirrhosis, had acute hepatitis, or in one patient, we 
had left a large piece of ischemic liver within the abdomen. As a result, 
this patient was producing large amounts of fibrinolysin. So my question 
here is, what was the incidence of liver disease in those patients on whom 
you did not get a handle, and how many of these patients did have an 
ischemic segment? 

Secondly, we noted that certain problems were created by our packing. 
We preferred operating room gowns stuffed in the pelvis, with the arms 
of those gowns up the gutter. But with this increased intraabdominal 
pressure to stem the tide, that is, to tamponade, we observed the dia- 
phragms to be elevated, and mechanical ventilatory problems ensued. 
PEEP was thus required, and correspondingly fluid therapy in these pa- 
tients necessitated monitoring by pulmonary artery pressures to offset 
an impaired venous return to the heart. Often these patients would also 
develop renal failure. Richards, Scoville, and Shin described this particular 
complication about 6 or 8 years ago and incriminated the significantly 
elevated caval pressures being transmitted to the renal veins. Such often 
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forced an earlier pack change because the patient had become anuric. 
As queried by Dr, Pachter, I wonder what was the incidence of renal 
failure in your patients? When you did remove the packs, did the patients 
regain good renal function, or did these patients progress and have in- 
farcted kidneys? 

Finally, I want to congratulate you on a good piece of work. I am glad 
that this recourse is once azain being stressed, for indeed packing can 
be lifesaving. Thank you. 


Dr. GEORGE M. WATKINS (Peoria, Illinois): Drs. Bland, Jones, and 
Audience, I too thought this was an excellent paper. And my conclusions 
would be the same as those reached by the authors and Dr. Pachter. I 
would pack earlier. Packing early has got one problem attendant. When 
starting packing earlier, inevitably one begins to miss some vascular in- 
juries. Then one is faced with a patient who is either stil] bleeding or not 
bleeding. You either have to wait them out or reoperate on them and 
sometimes find something, sometimes find nothing, but nevertheless 
reoperating when you should be observing the patient, getting rid of their 
acidosis, the death spiral dve to hypothermia, etc. The alternative is to 
wait them out and hope. An in-between method is of course to do either 
angiography or venography in the operating room or someplace else 
while keeping this very important warmth function present. I would like 
to ask the authors, do ther consider angiography in these situations? 
Will they be doing it more, because they are packing earlier? And if so, 


will they get rid of the radio-opaque material as alluded to by Dr. Stone . 


so that the x-rays can be a little better? 

As far as the renal function, I was going to ask the same question in 
a different manner. A little bit of pressure does alter the outer renal 
cortical flow, not causing renal failure, but actually impairing renal func- 
tion. 

And did you happen to look at any of these patients, or the whole 
group, to see if renal function of those that when you took packs out at 
the end of the operation improved. Did renal function improve in the 
operating room as measured by either volume, specific gravity, or cre- 
atinine clearance. Thank you for the privilege of the floor. 


DR. KENNETH W. SHARP (Closing discussion): I would like to thank 
the discussants for the kind questions. They were not nearly as critical 
as I expected. Dr. Pachter, you asked about the incidence of the need 
for this technique. We currently pack fewer than 10% of our patients 


ABDOMINAL PACKING FOR HEMORRHAGE 475 


with severe liver injuries. We have believed that to pack more than that 
may be excessive, to pack less may result in losing patients. 

As far as monitoring of intra-abdominal pressure, as far as using ma- 
nometers hooked to the Foley catheter balloon and other techniques 
that have been described, we have not routinely performed such measures. 
In this series, one patient was reopened in the surgical intensive care unit 
when she became impossible to ventilate and anuric. No other patient 
became overly anuric or oliguric in this series. As far as the use of 
packing with juxtahepatic venous injuries, we have used it in two cases 
in this series. There were two patients who were coagulopathic and who 
had initial debridement. Juxtahepatic, hepatic vein injuries were sus- 
pected, the patient was packed, and a relaparotomy ligation of those 
hepatic veins was performed. So two of 30 liver patients would be ap- 
proximately an 8% incidence. Dr. Stone, I appreciate your question about 
the incidence of coexistent liver diseases. When I was a resident at Hop- 
kins, you visited, and as you came around, I had just pronounced a 
patient dead who had fractured his cirrhotic liver in half when a pickup 
truck fell on ^im. 

None of the patients in this series were identified as having pre-existent 
cirrhosis, hepatitis, or other liver diseases that we knew of. None were 
recorded in the operative notes or were known to the operating surgeons. 
As far as ischemic liver that was left behind at the time of packing, this 
was indeed frequent. I cannot quantify how many patients had how 
much ischemic liver that went on and contributed to their further death. 
But there were the patients who survived two relaparotomies and un- 
packing, and had their livers debrided of all obviously necrotic liver. The 
complications of packing, such as difficulty in ventilation and anuria, 
were uncommon, and as I mentioned, only occurred in one patient that 
we identified. 

Dr. Watkins, the question about adjunctive angiography in the patient 
who continues to bleed after packing of the abdomen is au courant. I 
think that several authors have reported good results with postoperative 
angiography in these bleeding patients. We have not been comfortable 
in taking a bleeding patient to the angiography suite. That’s been a very 
lethal trip. We have not done angiography in these patients, preferring 
to either re-explore them or assume that they were unsalvageable and 
iet them die. I cannot answer the question about any sign of subtle renal 
improvement: that occurred in these patients when they were unpacked. 
We did not record these variables. Thank you for the privilege of the 
podium. 
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The triad of hypothermia, acidosis, and coagulopathy in critically 
injured patients is a vicious cycle that, if uninterrupted, is rapidly 
fatal. During the past 7.5 years, 200 patients were treated with 
unorthodox techniques to abruptly terminate the laparotomy and 
break the cycle. One hundred seventy patients (85%) suffered 
penetrating injuries and 30 (15%) were victims of blunt trauma. 
The mean Revised Trauma Score, Injury Severity Score, and 
Trauma Index Severity Score age combination index predicted 


survival were 5.06%, 33.2%, and 57%, respectively. Resuscitative — 


thoracotomies were performed in 60 (30%) patients. After major 
sources of hemorrhage were controlled, the following clinical 
and laboratory mean values were observed: red ‘cell transfu- 
sions—-22 units, core temperature—32.1 C, and pH—7.09. 
Techniques to abbreviate the operation included the ligation of 


enteric injuries in 34 patients, retained vascular clamps in 13, _ 


temporary intravascular shunts in four, packing of diffusely 
bleeding surfaces in 171, and the use of multiple towel clips to 
close only the skin of the abdominal wall in 178. Patients then 
were transported to the surgical intensive care unit for vigorous 
correction of metabolic derangements and coagulopathies. 
Ninety-eight patients (49%) survived to undergo planned reop- 
eration (mean delay 48.1 hours), and 66 of 98 (67%) survived to 
leave the hospital. With the exception of intravascular shunts, 
there were survivors who were treated by each of the unorthodox 
techniques. Of 102 patients who died before reoperation 68 (67%) 
did so within 2 hours of the initial procedure. Logistic regression 
showed that red cell transfusion rate and pH may be helpful in 
determining when to consider abbreviated laparotomy. The au- 
thors conclude that patients with hypothermia, acidosis, and co- 
agulopathy are at high risk for imminent death, and that prompt 
termination of laparotomy with the use of the above techniques 
is a rational approach to an apparently hopeless situation. 


RITICALLY INJURED PATIENTS, such as those suf- 
fering from grade V liver injuries or multiple ab- 
dominal vascular injuries, may lose blood at the 
rate of 20 to 40 units per hour while attempts are made 
to control the hemorrhage. Although anesthesiologists and 
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blood banks may keep pace with this rate of hemorrhage 
for some time, severe metabolic consequences are inevi- 
table.'-? Hypothermia from evaporative and conductive 
heat loss occurs in spite of warming blankets and blood 
warmers. The metabolic acidosis of shock is exacerbated 
by aortic clamping, vasopressors, massive transfusions, 
and impaired myocardial performance. Coagulopathy due 
to dilution and hypothermia complete the lethal triad. 
Each of the above factors reinforces both itself and the 
other derangements, resulting in an extremely fragile pa- 
tient who is only minutes away from a fatal arrhythmia. 
The author’s approach to such patients 1s to break the 
cycle by abruptly terminating the operation to prevent 
further heat loss and to transfer the patient to the intensive 
care unit for rewarming and correction of the coagulop- 
athy. Implicit with this decision is that sufficient time may 
not be available to treat all injuries. Also, the massive 
edema of the bowel and retroperitoneum that inevitably 
occurs in this setting may preclude conventional abdom- 
inal closure because the increase in intra-abdominal 
pressure may cause immediate renal and respiratory fail- 
ure. !! The purpose of this study is to evaluate the au- 
thors’ use of unorthodox abdominal closures and other 
temporary measures to prevent the imminent death of 
these critically injured patients. 

From December 1983 through April 1991, 200 critically 
injured patients were treated at the Ben Taub General 
Hospital in Houston, Texas. A variety of unorthodox 
methods were used to abruptly terminate the initial lap- 
arotomy, with the intention of completing the procedure 
at a planned reoperation. _ 

Data were obtained from patient records and supple- 
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mented by information from a weekly surgical log. Com- 
plete information was available for 163 patients (82%). 
This rather low figure was primarily due to the frantic 
activity of the physicians and nurses who treated the pa- 
tients. The ordering of tests and recording of observations 
were subordinate to the exigencies of patient care. Per- 
centages were based on available data and are specified 
where necessary. Patients with incomplete data were ex- 
cluded from statistical calculations. 

There were 183 (92%) men and 17 (8%) women, who 
ranged in age from 15 to 77 years, with a mean of 31 
years. Penetrating trauma was the cause of 170 (85%) in- 
juries, and blunt trauma was responsible for the remaining 
30 (15%). The Revised Trauma Score, Injury Severity 
Score, and Trauma Index Severity Score age combination 
index (TRISS) predicted survival for patients with pene- 
trating injuries were 5.0%, 32%, and 57%, respectively 
(median, 6.4%, 26%, and 76%). For blunt trauma, the 
mean Revised Trauma Score, Injury Severity Score, and 
TRISS were 5.4%, 41%, and 60%, respectively (median, 
6.4%, 41%, and 69%). 

Emergency center resuscitation generally followed 
American College of Surgeons Advanced Trauma Life 
Support Program (ATLS) guidelines.'* Sixty patients 
(30%) required resuscitative thoracotomies either in the 
emergency center or in the operating room (OR). The 
median delay from admission to operation was 25 minutes 
for patients with penetrating injuries and 80 minutes for 
patients injured by blunt trauma. Median systolic blood 
pressure on admission was 72 mmHg and was similar for 
patients with both blunt and penetrating injuries. 

In the OR, all patients were explored through midline 
incisions. Injuries often associated with severe hemorrhage 
are listed in Table 1. One hundred twenty-five patients 
suffered major abdominal vascular injuries. In addition, 
10 patients suffered major vascular injuries outside the 
abdominal cavity. Of 102 patients with liver injuries, 15 
had juxtahepatic venous injuries (grade V), and 11 re- 
quired atriocaval shunts. 

Physiologic parameters, including pH, core tempera- 
ture, and systolic blood pressure, were noted at the be- 
ginning and end of the initial operation. The lowest values 
of each were also recorded (Table 2). Intraoperative trans- 


TABLE 1. Selected Associated Injuries 


Vascular Solid Organ 

Inferior vena cava 48 Liver 102 
Aorta 21 Pancreas 30 
Iliac 66 Kidney 4] 
Renal 45 Spleen 25 
Major splanchnic 50 Pelvic fracture 9 
Heart 7 

Other major vascular 21 
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TABLE 2. Mean Physiologic Parameters During the Initial Operation 


Lowest 
Beginning of Recorded End of 
Operation Value Operation 
Systolic blood 
pressure (mmHg) 102 63" 102* 
Core temperature (C) 34.0 Saud a2 
pH 7.18 7.09 7.19 


* Excludes patients who died in the operating room (blood pressure 
= 0). 


fusion and fluid requirements are shown in Table 3. Every 
attempt was made to warm blood products and crystal- 
loids solution to 37 C before administration. The rate of 
transfusion of red blood cells ranged from 1.3 to 42.7 U/ 
hour during the operation. The mean rate of red cell 
transfusion was 11.7 U/hour (median, 10.9), and 20 pa- 
tients (10%) received red cells at a rate in excess of 20 U/ 
hour. Pharmacologic support of cardiac output was re- 
quired in 126 patients (63%). Epinephrine was used most 
often (116 patients); the remaining 10 patients were treated 
with dopamine. 

On concern of the patient’s impending death, several 
techniques were used to terminate the operation. Lapa- 
rotomy pads were used to tamponade diffusely bleeding 
surfaces in 171 patients (86%). The liver was packed in 
74 patients (38%), the retroperitoneum in 65 (33%), and 
the pelvis in 32 (16%). Thirty-four patients with enteric 
injuries (17%) requiring resection and anastomosis or co- 
lostomy were treated by ligating or stapling the intestine 
on both sides of the injuries (Fig. 1).13 This was done to 
prevent further contamination of the peritoneal cavity. 
In most patients, ligation resulted in isolated intestinal 
segments similar to closed loop bowel obstructions. 

Temporary intravascular shunts, secured with snare 
tourniquets, were used in four patients. All shunts were 
used for injuries that would have required interposition 
grafts or end-to-end anastomosis, but sufficient time for 
the repair was not available. One was used to bridge a 
defect between the common iliac vein and vena cava, and 
three were used to bridge defects in the iliac artery. 

Aortic clamping was used to support circulation to vital 


TABLE 3. Mean Transfusion and Fluid Requirements 


24-hr Period 
Initial After Initial 
Operation Operation Reoperation 
Crystalloid (L) 11.6 5.9 3.3 
Packed red cells 
(units) 22 9.8 4.1] 
Fresh frozen 
plasma (units) 4.4 8.8 1.9 
Platelets (units) 6.3 10.7 4.2 
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FIG. 1. Appearance of small bowel and colon at reoperation after treat- 
ment of original enteric injuries by ligation. The ligatures are still in 
place. 


organs in most patients. In 11 patients, infrarenal aortic 
clamps could not be removed before abdominal closure 
without the systolic blood pressure falling to below 50 
mmHg, in spite of epinephrine or dopamine. These 
clamps were brought out through the abdominal incision 
and gradually released as the patient either improved or 
died (Fig. 2). Two other patients had intentionally retained 
vascular clamps on the iliac artery when the clamp con- 
trolled associated hemorrhage but the patient’s condition 
precluded further attempts at definitive control. 

No patient in this series had a conventional closure of 
the abdominal incision. The most commonly employed 
closure was performed with towel clips to approximate 
only the skin.* The clips were placed | to 2 cm apart and 





FiG. 2. Retained vascular clamps in a patient with silo closure of ab- 
dominal wound. Reprinted with permission from Feliciano DV, Burch 
JM. Towel clips, silos, and heroic forms of wound closure. Zn Maull KI, 
ed. Advances in Trauma and Critical Care. Vol. 6. Chicago: Mosby- 
Year Book, 1991. 
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FIG. 3. Towel clip closure. Note the laparotomy pad used to pack the 
liver at the bottom of the incision. 


| to 2 cm from the edge of the incision (Figs. 3 and 4). 
Approximately 25 to 40 towel clips were required, de- 
pending on the length of the incision. Towel clip closure 
was often performed in 60 seconds, although occasionally 
up to 4 minutes were needed. The clips were covered with 
a sterile towel and secured with a large plastic adhesive 
barrier. Towel clip closure was the initial closure in 178 
patients (89%). Eleven patients had just the skin of the 
abdomen closed using a 2 nylon suture. One patient died 
before abdominal closure; he was included in the series 
because of treatment with a temporary intravascular 
shunt. 

In 10 patients, massive edema of the intestine and ret- 
roperitoneum prohibited approximation of even the skin. 
Silos were constructed of various rubber or plastic ma- 
terials after the fashion of techniques used to treat gas- 





FIG. 4. Lateral view of towel clip closure. Only the skin is closed; no 
attempt is made to include the fascia. 
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troschisis and omphaloceles in neonates.!*!* The artificial 
material was sutured to the skin edges with heavy mono- 
filament suture and tailored to the shape of the incision 
and the bulging intestine (Fig. 5). Currently, the most 
popular material is a 3-L Viaflex intravenous fluid bag 
(Travenol Laboratories, Deerfield, IL) that has been un- 
folded by cutting the seam and then sterilized (Fig. 6). As 
many as three or four intravenous bags were sutured to- 
gether to close large defects. 


Results 
Survival 


Thirty patients (15%) died in the OR. An additional 
72 patients (36%) died in the surgical intensive care unit 
(SICU) before planned reoperation. Figure 7 shows the 
length of survival for those who died before reoperation. 
Sixty-eight of 102 patients (67%) died within 2 hours of 
the end of the initial procedure. For those who reached 
the SICU alive, vigorous efforts were made to rewarm the 
patients, correct existing coagulopathies, and optimize 
oxygen delivery. 

Rewarming was accomplished by placing the patients 
on heating pads (39 C) and covering them with warmed 
blankets. The return of core temperature to normal re- 
quired 2 to 8 hours, depending on the degree of hypo- 
thermia. 

Clotting factors, red cells, and crystalloids administered 
during the first 24 hours in the SICU (or before reoperation 
or death if less than 24 hours) are shown in Table 3. In 
general, more fresh frozen plasma and platelets were given 
in the SICU than during the initial operation. In contrast, 





FIG. 5. Large silo constructed of a lightweight waterproof plastic barrier. 
Note the massive edema of the small bowel. View 24 hr postoperatively, 
after much of the edema had subsided. Reprinted with permission from 
Feliciano DV, Burch JM. Towel clips, silos, and heroic forms of wound 
closure. Jn Maull KI, ed. Advances in Trauma and Critical Care. Vol. 
6. Chicago: Mosby-Year Book, 1991. 





FIG. 6. This silo was constructed from a 3-L urologic irrigation bag, 
currently the most popular material. 


crystalloid infusions were intentionally minimized to pre- 
vent further edema of the bowel and associated increases 
in intra-abdominal pressure. 

Although all patients had clinically apparent coagulop- 
athies by the end of the initial operation, the results of 
coagulation studies were seldom available in the operating 
room. Coagulation studies drawn at the end of the op- 
eration or on arrival in the SICU were available for 107 
of 144 patients who survived for more than | hour in the 
SICU. The mean prothrombin time was 25.1 seconds 
(median, 17.5 seconds); the mean partial thromboplastin 
time was 110 seconds (median, 150 seconds); and the 
mean platelet count was 97 X 10° cells per mm? (median 
85 X 10° cells per mm?). After resuscitation, coagulation 
studies were available for 79 patients who survived to un- 
dergo reoperation. The mean prothrombin time for this 
group was 15.0 seconds (median, | 1.5 seconds); the mean 
partial thromboplastin time was 46.0 seconds (median, 
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FIG. 7. Length of survival for patients who died before reoperation. Note 


the large number of patients who die soon after abdominal closure. One 
patient not included on the figure died 40 hr postoperatively. 
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35.7 seconds); and the mean platelet count was 120 X 10° 
cells per mm? (median 102 X 10° cells per mm’). 

Dopamine or epinephrine infusions were required to 
support cardiac output in 81 of 170 patients (48%) who 
reached the SICU alive. This figure is deceptively low be- 
cause recording this information was a low nursing 
priority for patients who died soon after admission. 
For those who survived to undergo reoperation, dopa- 
mine or epinephrine infusions were required in 34 of 98 
patients (35%). 

Of 98 patients who underwent reoperation, 17 (17%) 
were operated on because of uncontrolled hemorrhage. 
The mean time between the end of the initial operation 
and reoperation was 8.7 hours (median, 10.0 hours; range, 
8 to 24 hours) for this group, and only four (24%) survived 
- to leave the hospital. For the remaining 81 patients who 
underwent planned reoperation, the mean time between 
procedures was 48.1 hours (median, 48.0; range, 3 to 208), 
and 62 of 81 patients (77%) survived. The survival rate 
for all patients undergoing reoperation was 67% (66/98), 
and for all patients in the series, 33% (66/200). The most 
common cause of death was exsanguination, which oc- 
curred in 110 patients (82%), followed by multiple organ 
failure in 21 (16%). The causes of death for three remain- 
ing patients were adult respiratory distress syndrome, a 
penetrating head injury, and a pulmonary embolism. 

Survival for each technique used to terminate the initial 
operation is shown in Table 4. With the exception of in- 
travascular shunts, patients survived when treated with 
each technique. Atriocaval shunts were not considered as 
adjuncts to terminate the operation. Parenthetically, five 
of 11 patients (45%) treated with atriocaval shunts sur- 
vived. 


Complications 


Eighty-six patients either survived to leave the hospital 
or lived long enough (>48 hours) to manifest complica- 
tions. Table 5 lists the significant abdominal complica- 
tions. Abscesses and enteric fistulas were encountered 


TABLE 4. Survival According to Technique 


Survivors 

No. of ... 

Technique Patients No. (%) 
TCC 178 53 (30) 
Nylon 11 8 (73) 
Silo 10 5 (50) 
Bowel ligation 34 7 (21) 

Temporary shunt 4 0 (0) 

Retained clamp 13 1 (7.7) 
Packed 171 57 (33) 


TCC, towel clip closure. 
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TABLE 5. Abdominal Complications (N = 86 [66])* 


Complication No. of Patients 
Abscess 10 (8) 
Fistula 7 (5) 
Peritonitis 1 (1) 
Small bowel obstruction 3 (3) 
Colonic necrosis 2 (1) 
Stomal necrosis 2 (1) 
Pseudocyst 1 (1) 
Urinoma 1 (1) 


* Numbers in parentheses indicate survivors. 


more often (12% and 8%, respectively) than is usually 
seen in series of injured patients. Both patients with ne- 
crosis of the colon and one of the two with stomal necrosis 
required epinephrine or dopamine, which may have been 
a contributing factor. 

Patients with organ failure, septic syndrome, and other 
infections are shown in Table 6. All patients with multiple 
organ failure had respiratory and renal failure, and many 
in this category also had hepatic, cardiac, or hematologic 
failure. The term septic syndrome is used to describe pa- 
tients with the clinical signs of sepsis (fever, hypotension, 
diaphoresis, elevated white blood cell count, and decreased 
systemic vascular resistance) but who do not have an ap- 
parent focus of infection. Survival for these patients was 
particularly poor (one of nine, 11%). 

There were 13 serious wound complications, including 
dehiscence or evisceration in 6 patients, necrotizing in- 
fections in 4, large hernias in 2, and necrosis of the skin 
and subcutaneous tissue in |. All patients but three were 
initially treated with towel clip closure. Two were treated 
with silos, which disrupted and resulted in evisceration. 
The remaining patient suffered a wound infection; his 
abdomen was originally closed with heavy nylon suture. 

Six patients had serious vascular complications. Two 
required above-knee amputations; both had intentionally 
retained vascular clamps, one on the aorta and the other 


TABLE 6. Organ Failure, Septic Syndrome, and Infectious 
Complications (N = 86 [66])* 


Complication No. of Patients 





MOF 25 (3) 
ARDS 8 (7) 
ARF 2 (2) 
Septic syndrome 9 (1) 
Pneumonia 10 (7) 
Empyema 3 (3) 
Catheter sepsis 2 (1) 
Urinary tract infection 1 (1) 





* Numbers in parentheses indicate survivors. 
MOF, multiple organ failure; ARDS, adult respiratory distress syn- 
drome; ARF, acute renal failure. 
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on the iliac artery. Two patients had thrombosis of the 
common iliac artery; one had a temporary shunt placed 
in the vena cava, which thrombosed. The resultant in- 
crease in venous pressure appeared to compromise an 
iliac artery anastomosis. The other had ligation of the 
vena cava, which was followed by arterial thrombosis. 
Two of these patients also developed compartment syn- 
dromes, one with the retained aortic clamp and the other 
with ligated vena cava. One patient developed gangrene 
of the toes related to a high-dose epinephrine infusion 
that was started in the OR and continued in the SICU. 
One patient who died of a pulmonary embolus was treated 
with a retained aortic clamp. He was recovering without 
serious complications, but as he began to ambulate on 
the 9th postoperative day, the embolus occurred. 


Discussion 


The concept of planned reoperation for trauma patients 
is not new. Authors from this institution as well as others 
have recognized the wisdom of packing a diffusely bleed- 
ing liver, retroperitoneum, or pelvis and returning at a 
later date.>’'®'’ The unusual aspect of this series was the 
surgeon’s recognition of the patient’s imminent death and 
instituting measures to terminate the procedure as fast as 
possible. That the authors were able to predict which pa- 
tients would die is supported by Figure 7. Of 102 patients 
who died before reoperation, 56 (55%) died within 1 hour 
of abdominal closure, and 68 (67%) died within 2 hours. 

There are several indicators available to the operating 
team that may be helpful in predicting impending death. 
These include cardiac rhythm, red cell transfusions, blood 
pressure, core temperature, pH, coagulopathy, and various 
injury severity scoring systems. Ventricular arrhythmias 
occur in virtually all patients who die in the OR or shortly 
thereafter. They are characterized by wide QRS com- 
plexes, ectopy, bradycardia, and electromechanical dis- 
sociation. These arrhythmias are often refractory to an- 
tiarrhythmic drugs and cardioversion. In this series, only 
two of 67 (3.0%) patients who suffered a cardiac arrest in 
the OR were successfully resuscitated. Although ventric- 
ular arrhythmias are excellent predictors of imminent 
death, it is usually too late to intervene. The presence of 
coagulopathy is a subjective observation and does not 
predict imminent death. Although objective, the injury 
severity indices are only predictive of eventual death. 

To evaluate the surgeon’s ability to predict impending 
death, a regression analysis of available intraoperative in- 
formation was performed. Death within 2 hours of ab- 
dominal closure was selected as an end point. The two 
factors that emerged as independent and most predictive 
were the rate of red cell transfusion (units per hour) and 
pH (p < 0.0001). Figure 8 is a scatter plot of pH, the rate 
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FIG. 8. Scatter plot of pH and red cell transfusion rate. Triangles represent 
survival greater than 48 hr. Circles represent death within 48 hr. Patients 


plotted above the diagonal discriminant line are at high risk for death 
within 48 hr of initial operation. See text. 


of red cell transfusion, and 48-hour survival for 163 pa- 
tients with complete data. The diagonal discriminant line 
was derived by logistic regression and has the following 
equation: transfusion rate = 35.7(pH) — 242. Patients to 
the left and above the line are considered at high risk for 
imminent death, those to the right and below, low risk. 
The accuracy of this discriminant (risk of death within 
48 hours = 0.57, 77% correct identifications) must be 
tested in a prospective study to be proven. In lieu of such 
a study, it seems reasonable to consider abbreviated lap- 
arotomy when a patient’s transfusion rate and pH ap- 
proach the discriminant. 

Although the triad of hypothermia, acidosis, and co- 
agulopathy has been recognized as a lethal combination, 
greater emphasis has been placed on the individual ele- 
ments. '8-?! In a recent review of hypothermia and coagu- 
lopathies, Patt et al.” noted three mechanisms by which 
hypothermia interfered with hemostasis: the inhibition of 
the temperature-dependent enzyme-activated coagulation 
cascades, increased fibrinolytic activity, and reversible 
platelet dysfunction. Hypothermia also has profound ef- 
fects on the heart and circulation, which result in hypo- 
tension, bradycardia, ventricular irritability, and meta- 
bolic acidosis.” It is not surprising that hypothermia has 
been well established as an accurate predictor of death in 
trauma patients.7*-7° 

Attempts to combat hypothermia in trauma patients 
have centered around devices to warm blood and fluids 
for rapid administration.'*°?’ Although these machines 
may be capable of transfusion rates of 1.6 L/minute, the 
logistics of preparing the machine at a moment’s notice, 
procuring the blood, and running the device are formi- 
dable. Even if isothermic infusions are maintained, ra- 
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diant, conductive, and evaporative heat loss in the cold, 
dry OR environment go unchecked. The authors believe 
that eliminating these sources of heat loss by closing the 
abdominal incision and covering the patient with warmed 
dry blankets is a practical if not critical adjunct. 

In addition to hypothermia, other causes of coagulop- 
athy in this setting include dilution and consumption.!*78 
All patients in the present series received red cell trans- 
fusions in the form of packed red cells that contain vir- 
tually no clotting factors or platelets. Only the residual 
plasma proteins in the patient’s circulation and those pro- 
duced by the liver during the operation can contribute to 
coagulation. Transfusion of two or more blood volumes 
of saline and packed red cells has been shown to decrease 
the level of several clotting factors to 15% of normal.* 
Platelets are lost by disseminated intravascular coagulation 
in addition to dilution.'*78 

Most authors recommend that the use of fresh frozen 
plasma and platelets be based on coagulation studies and 
platelet counts.'’ Unfortunately, during the time the 
studies are performed, another 5 to 10 L of blood may 
be lost during the operation, and the patient’s coagulation 
profile will bear little resemblance to that which was pres- 
ent when the tests were drawn. It is therefore necessary 
to replace clotting factors empirically. 

Metabolic acidosis affects both the circulatory system 
and coagulation. Acidosis has been shown to decrease 
myocardial contractility and cardiac output.??*° Although 
it is known that acidosis decreases coagulation time, there 
is evidence that it may also trigger diffuse intravascular 
coagulation and cause a consumptive coagulopathy.*! The 
importance of metabolic acidosis has been recognized in 
other clinical studies, but documentation has been 
scarce.”°*? In the present study, acidosis was more pre- 
dictive of impending death than hypothermia. 

In addition to the above metabolic problems, the sur- 
geons must also address the technical problem of closing 
the abdomen. The edema that occurs in the intestine and 
retroperitoneum is due to an increase in interstitial fluid 
and may be related to low colloid osmotic pressure. This 
edema may be so great that abdominal closure is impos- 
sible (Fig. 5). In less dramatic circumstances, closure of 
even the skin may produce intra-abdominal pressures of 
50 mmHg or more, as occurred in several patients in this 
series. 

In laboratory models, intra-abdominal pressure of 30 
to 40 mmHg has been shown to decrease cardiac output, 
redistribute blood flow from the abdomen to the thorax, 
cause ventilation/perfusion mismatches in the lungs, and 
impair renal function.®°**4 Clinical studies have empha- 
sized increased intra-abdominal pressure as a cause of 
acute renal failure.”-'' The cause of renal failure is not 
certain, but is probably related to compression of the kid- 
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ney or renal veins. Decompression usually leads to a 
prompt return of renal function.” "! 

Richardson and Trinkle® observed that increased intra- 
abdominal pressure in dogs caused an increase in end 
inspiratory pressure, a redistribution of blood flow in the 
lungs, ventilation/perfusion mismatches, and hypoxia. 
Three patients in this series had peak inspiratory pressures 
in excess of 80 cmH,0 after towel clip closure. None could 
be effectively ventilated, and all required removal of towel 
clips and the construction of silos. Apprahamian et al.’ 
recently reported the utility of silos to prevent lethal in- 
creases in IAP. 

In conclusion, the triad of hypothermia, coagulopathy, 
and acidosis is a vicious circle that heralds imminent 
death. The use of towel clip closure, silos, abdominal 
packs, ligation of enteric injuries, and other techniques 
permit the abrupt termination of the operation so that 
resuscitation can be accomplished. Closing the abdomen 
prevents further heat loss and aids in tamponade of diffuse 
bleeding. The use of pH and red cell transfusion rate may 
be helpful in determining when to abandon the initial 
operation. For patients who stabilize and undergo planned 
reoperation, the survival is remarkably good. 
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DISCUSSION 


Dr. TIMOTHY C. FABIAN (Memphis, Tennessee): Drs. Bland and Jones, 
Members and Guests, I would like to congratulate the authors on ap- 
plication of some very innovative and novel approaches to salvage an 
awfully large group of catastrophically injured patients. We use some 
but not all of these techniques in Memphis. I think, certainly, one of the 
most beneficial I have observed is the rapid towel clip closure, and I 
recommend it to all of you in the audience. It can be very helpful and 
save lots of time. 

I have the following series of questions. You alluded to this a couple 
of times, but I would like for you to expand on it a bit. With your TRISS 
methodology, you were supposed to have 57% survivals with penetrating 
trauma, and you actually only had 33%. I suspect this may be a limitation 
and a fault of quality assurance measures used for that analysis, but it 
bothers me that in the future all of us are going to be looking at such 
criteria for trauma center evaluation, because it is being proposed by 
many different groups, including the Joint Commission on the Accred- 
itation of Hospitals and others. 

In your manuscript, you reported resuscitative thoracotomy in the 
emergency room or operating room in 30%. Does this contribute to 
hypothermia? You are opening up another celomic cavity. We rarely do 
this, with the exception of patients with cardiac injuries, and I suspect 
that this does cause some problems. What is the mortality rate in those 
30 patients? Your rate of transfusions was | U/hour to 43 in your manu- 
script. I would like to know the bell-shaped curve of those that were not 
bleeding very much. Why were they so catastrophically injured? What 
sort of unique circumstances were these patients? 

Turning to the method of major vascular management, you had four 
shunts placed, one in the inferior vena cava and three in the ileac arteries. 
I would like to know the results of those specific procedures. No matter 
how coagulopathic these patients were, I suspect that they all thrombosed 
their shunts. And what was the outcome? 

Additionally, your 11 aortic clamps and two ileac clamps that were 
left, what was the outcome of these? The incidence of compartment 
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syndromes in these kinds of patients at our institution is relatively high, 
and we are very aggressive about putting catheters in for compartment 
pressure measurement after operation. What is your experience with 
compartment syndromes and loss of compartments and amputations in 
these patients? 

Very importantly, an abdominal wall defect results from using silos 
that you create with plastic IV bags. Our experience has been that we 
can almost never get those bellies closed, and we end up putting split- 
thickness skin grafts on granulation tissue with definitive reconstruction 
at 8 to 12 months of large ventral hernias. How do you manage them 
in Houston? And you also mentioned that you do not use clotting studies 
for fresh frozen plasma, which I think none of us do in the operating 
room for these, again, seriously injured patients. What is the Houston 
formula for replacement of platelets and fresh frozen plasma when dealing 
with massive transfusions and coagulopathy? Thank you very much. 


Dr. R. NEAL GARRISON (Louisville, Kentucky): Vice President Bland, 
Secretary Jones, Members and Guests, Dr. Burch and colleagues are to 
be congratulated for an in-depth clinical study of a very complex problem, 
the operative management of a patient with severe hemorrhagic shock. 
There is much for the readers of this manuscript to consider and possibly 
adapt in their practice and care for the patients. And I recommend the 
manuscript to you. The real question for the recommended technique 
is when is the best time to implement such a strategy, to hasten the 
procedure, and to transfer the care to the intensive care unit setting 
versus continued attempts to control bleeding in the operating room. 

I have two questions for the authors. You use only two variables in 
predicting outcome, the number of transfusions given to the patient and 
the systemic patient pH. What other variables were considered for your 
predicted equation? There are several that come to mind and have been 
used to manage the severity of injury or hemorrhage, such as the degree 
or length of time of blood pressure reduction or systemic oxygen utili- 
zation as measured by mixed venous oxygen saturation. 

Secondly — and this is along similar lines of one of Dr. Fabian’s 
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questions — could the authors comment on the relative reluctance to 
use fresh frozen plasma in their resuscitative protocol? The average patient 
in this series received 22 red cell unit products, but only 4'2 units of 
fresh frozen plasma. Yet coagulopathy was an apparent reason to hasten 
termination of the procedure by the operating surgeon. I thank the As- 
sociation for the privilege of the floor. 


DR. GEORGE M. WATKINS (Peoria, Illinois): Drs. Bland, Jones, Mem- 
bers and Guests, I suppose first in a moment of levity we may have an 
ad hoc HAC committee on hypothermia acidosis and coagulopathy to 
discuss these issues. 

In non-jest, the patients, about a third of them, had their chests opened. 
The chest was opened either in the emergency room or the operating 
room. I am wondering what the authors have developed as a differing 
mode of therapy, if any, in the individuals who were so ill that they had 
their chests opened, presumably for hemorrhaging out, versus the other 
two thirds who did not have their chests opened in surgery. In other 
words, do you follow or have set up a treatment pattern, or are you more 
likely to close those earlier, or what else? Thank you. 


DR. JON M. BURCH (Closing discussion): I would like to thank the 
discussants for their questions. 

Dr. Fabian, I have thought about the issue of the problem with TRISS 
predicted survival, and it was distressing that the predicted survival was 
roughly half what it should have been. I think there are two reasons for 
this. The first one is being the reliance of that particular scoring system 
on the Glasgow Coma score, which in most patients with penetrating 
trauma — and those were the patients that dominated our series — is 
usually close to normal. I think that is one reason for this problem. And 
the other is that this is a selected group of patients. All the scoring systems 
were devised to evaluate a population of patients and not a selected 
subgroup. And I think this is the other reason for the failure of TRISS. 
Of the patients who had resuscitative thoracotomies, there were, as I 
recall, about five survivors. It was actually very, very low. And that does 
not include patients who were treated with atrial-caval shunts, nor the 
temporary intravascular shunts that I have mentioned before. In that 
group, of the 11 patients that had atrial-caval shunts, there were five 
survivors, for which we were delighted. Conversely, we are reluctant to 
open the chest on any of these patients. Indeed, it does create one more 
large gaping wound for additional blood loss and additional heat loss. 
And I really think we ought to try and avoid it if at all possible. With 
regard to the temporary intravascular shunts, three were used to bridge 
defects in the ileac artery, which would require either resection and anas- 
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tomoses or an interposition graft. These were plastic or rubber carotid 
artery shunts. Of those three patients, each one of them had a disastrous 
outcome, either a compartment syndrome, an amputation, or a throm- 
bosis of the iliac vessel. One patient had a temporary shunt placed to 
bridge a complicated injury involving the bifurcation of the vena cava 
and tħe junction of the two common iliac veins. I do not think even in 
retrospect this was a particularly good choice. That also thrombosed, 
caused an increase in the pressure of that leg to the point of thrombosis 
of that associated iliac artery. Of the 13 patients in the series that had 
clamps on either the aorta or the iliac vasculature, all but one died. The 
only survivor of that drastic maneuver was a young man who ultimately 
ended up with bilateral above-knee amputations. The abdominal wall 
defect can be very large in any of these patients. And one of the ways 
that we use to minimize this problem is to literally turn off the crystalloid 
in the intensive care unit and just administer blood and colloid, primarily 
colloid. As was pointed out, we were deficient in that in the operating 
room. And, generally speaking, over a period of somewhere between 1 
and 3 days, enough of a diuresis has occurred in those patients who are 
going to survive to permit primary closure of the abdominal wound. 
There are times, however, that we get into the same situation that you 
mentioned: we have to wait for the wound to granulate and then place 
a split-thickness skin graft. That is a setup for intestinal fistula, and we 
try to avoid it whenever we can. 

There were only five patients that actually had silos placed primarily. 
Another seven had silos placed after towel clip closure. Those we did 
not include in this series because we wanted to emphasize initial treat- 
ment. And I believe that we closed three of the five silos in the survivors, 
primanily. 

Our ratio of red cell to plasma to platelet transfusion is supposed to 
be | unit of plasma for every 4 units of red cells. That has been standard 
over the years. We begin to replace platelets after 10 units of cells are 
given. Ten units of platelets are given at a time. That has been our usual 
practice, but clearly we did not always keep up with it. 

Let me move to Dr. Garrison’s questions. The variables that we eval- 
uated in the operating room was all the clinical material that was rapidly 
and reliably available. This includes temperature, pH, blood pressure — 
not the duration of blood pressure, but how many times it happened to 
reach below a certain level. We also used the injury severity scores, the 
particular organs that were injured, the rate of transfusion, and so forth. 
There were many that were predictive. And as you would expect, tem- 
perature also was predictive of an intraoperative death. But it was not 
as predictive as pH was, or the rate of transfusion. I was somewhat sur- 
prised to see that, considering all the emphasis placed on hypothermia 
recently. I would like to thank the Association for the opportunity to 
present this paper. And on behalf of my wife Rita and myself, ld like 
to express my sincere appreciation for the privilege of new membership. 
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Function 

provides insight into the funda- 
mental scientific concepts that 
are the basis of common clinical 
problems. This excellent guide 
to the pathophysiology of your 
patients’ disorders examines 
components, motility, secretion 
and absorption, nutrition, and 
other important topics such as 
blood flow, neoplasia, and 
pharmacology of the gut. 
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Part II = Approaches to Common 
Gastrointestinal Problems 
examines the clinician's approach nature and critical role the 


to patients presenting with 
common gastrointestinal signs 
and symptoms—how to conduct 
the examination, what each 
symptom may mean, appropri- 
ate diagnostic tests, possible 
differential diagnoses. This 
section examines the interactive 
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Part III 
u Gastrointestinal 
Diseases 

rEXTBO orology is an encyclopedic discussion of 


virtually all disease states 
encountered in practice. This 
section discusses anatomy and 
structural anomalies of each 
organ, and epidemiology, eti- 
ology, clinical manifestations, 
differential diagnosis and diag- 
nostic studies, clinical course, 
complications, and therapeutic 
options for each disorder. 


Part IV 

= Diagnostic and 
Therapeutic 

Modalities in 
Gastroenterology 
describes all major diagnostic 
and therapeutic technologies— 
from the longstanding to the 
most recent. This section helps 
you choose appropriate diag- 
nostic and therapeutic modali- 
ties as you proceed with patient 
management, discussion theory, 
practical uses, contraindications, 
potential complications, evalu- 
ation and assessment of the data 
obtained, and future directions 
of each modality. 


gastrointestinal system plays in 
the physiology and pathology 
of other organ systems: for 
example, skin lesions associated 
with GI disease, GI problems in 
the immunocompromised 
patient, psychosocial problems 
associated with GI disease. 
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Control of the Hypermetabolic Response to Burn 
Injury Using Environmental Factors 





FRED T. CALDWELL, JR., M.D., BONNY H. WALLACE, M.H.S.A., JOHN B. CONE, M.D., and LINDA MANUEL 


This study was performed to establish the relative efficiency of 
occlusive dressings and variable ambient temperature (group I) 
versus no dressings and variable ambient temperature (group II) 
versus no dressings and electromagnetic heaters (group IID) for 
controlling the postburn hypermetabolic response. Fifteen burn 
patients and five normal controls (group IV) were studied when 
subjectively comfortable using partitional calorimetry, after 
which each patient was cold stressed by sequentially decreasing 
external energy support, and repeating calorimetry studies and 
serial plasma catecholamine assays. The percentage increase in 
heat production above predicted normal values was significantly 
increased for all groups when cold (C) versus neutral (N) (group 
I: [N] 24 + 24 versus [C] 49 + 25%; group II: [N] 46 + 35 versus 
[C] 74 + 47%; group HI: [N] 21 + 20 versus [C] 78 + 25%; group 
IV: [N] —9 + 12 versus [C] 16 + 10%, p < 0.05 all comparisons). 
Plasma catecholamine values did not increase significantly when 
patients were subjectively cold. These studies do not support the 
role of catecholamines as the primary mediator in the cause of 
the postburn hypermetabolic response. Using the patients’ sub- 
jective comfort status as a guide for external energy support, it 
is possible to greatly reduce but not to eliminate the hypermet- 
abolic response to burn injury. 


HE CLINICAL HYPERMETABOLIC response (HMR) 

to burn injury, first described by Cope et al.! in 

1953, remains a critical management problem 
for patients with major burn injury. Early aggressive burn 
wound management, whether total excision within 72 
hours postburn, or sequential excision and grafting does 
not eliminate the HMR, and may increase the importance 
of any measure that can control or minimize the HMR. 
Our current position is that the major portion of the HMR 
is secondary to increased heat loss, mainly evaporative, 
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but also by radiation when such patients are cared for 
without dressings. 

The work of Arturson’ and our own earlier work? in- 
dicate that the major portion of this response can be elim- 
inated by external heat support from electromagnetic 
heaters or occlusive dressings with insulative value. 

This prospective study was performed to determine heat 
balance for patients with burn injury to more than 30% 
of the body surface area. Patients were managed with three 
currently used forms of wound care: (1) occlusive dressings 
with the ambient temperature (T,) selected by the patient 
for subjective comfort; (2) no dressings and a comfortable 
ambient temperature selected by the patient; (3) no dress- ` 
ings and electromagnetic (EM) heaters set for patient 
comfort. The goals were to: (1) establish the zone of ther- 
mai neutrality for each patient; (2) examine their responses 
to sequentially applied cold stress, compared with each 
other and the five controls; (3) determine the effect of the 
three treatments on plasma catecholamines (epinephrine 
[E], norepinephrine [NE]), with the patients at a neutral 
environment, and sequentially during cold stress. 


Materials and Methods 


The study population consisted of five normal controls 
and 15 children and adults (without inhalation injury), 
12 of whom had burn injury to 30% or more of their body 
surface area, admitted to the Arkansas Childrens Hospital 
Burn Center. Patient demographics are summarized in 
Table 1. Inhalation injury was defined as deficit pulmo- 
nary function severe enough to require continual endo- 
tracheal intubation and ventilatory support after the fifth 
postburn day. Patients were entered into the study on a 
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TABLE 1. Patient Characteristics 





Group 
Characteristic I II JII ” IV 
No. of patients (n = 6) (n = 5) (n = 4) (n = 5). 
Age 22 + 13 36 + 13 32 + 12 28 + 17 
% Fuil-thickness 
burn il+ 16 54 6 22 + 29 
% Total burn 36 + 13 44+ 18 544+ 19 





Values are expressed as means + SD. Burn groups are not significantly 
different by % full thickness or % body surface area burn. 


random basis, using a table of preassignment. Patients 
who defaulted were entered into the occlusive dressing 
group. This produced four experimental groups: 


Group I, Dressings with variable ambient temperature: 
These patients had their burn wounds treated with Sil- 
vadene (silver sulfadiazine; Marion Laboratories, Kan- 
sas City, MO) and occlusive dressings with insulative 
value estimated to be equivalent to 0.75 clo.* Dressings 
were changed daily and fresh Silvadene applied after 
removal of any residue. Quantitative surface cultures 
from multiple sites were performed twice weekly and 
more often when indicated by the patients’ clinical 
course. Pain control was achieved using small intra- 
venous doses of morphine as needed. As soon as the 
initial debridement and dressing was completed, the 
patient was moved to a room with temperature and 
humidity control beginning at ambient conditions of 
28 C temperature and 40% relative humidity (thermal 
neutrality for nude man). The ambient temperature 
then was adjusted up or down to obtain a subjective 
feeling of comfort by the patient, neither warm nor 
cold but subjectively “comfortable.” 


Group II, No dressings with variable ambient temperature: 


These patients were managed as group I except for 
wound management. Wounds were cleansed with nor- 
mal saline and fresh Silvadene reapplied daily. Addi- 
tional Silvadene was applied to the wounds as required, 
24 hours a day. Starting ambient conditions were the 
same as for group I. Ambient temperature was then 
adjusted up or down to achieve patient subjective com- 
fort. 

Group III, No dressings, with electromagnetic heater: This 
group had their burn wounds managed as group II. 
However, the ambient conditions were fixed at 25 C 
and 40% relative humidity, and the patients were al- 
lowed to adjust the variable output from an overhead 
500-W electromagnetic heater (Aragona Medical, Inc., 
River Vale, NJ) until they were subjectively comfort- 
able. 

Group IV, Controls: Controls were managed as burn 
groups I and II. 
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Al patients were managed by staged excision and 
grafting of full-thickness burn wounds as soon as the pa- 
tients were hemodynamically stable, with the first oper- 
ative procedure usually performed within the first 10 days. 
Ungraftable excised burn wounds were covered with either 
fine mesh gauze, allograft, or Biobrane (Winthrop Phar- 
macéuticals, New York, NY). Split-thickness donor sites 
were dressed with Biobrane. Patient treatment, in other 
words, operative procedures, took precedence over clinical 
studies. The baseline metabolic tests reported in this study 
were all performed before the first operative procedure. 
Patients were not studied during periods of acute illness - 
or sepsis. Individual burn patients had thermoregulatory 
heat balance studies performed weekly whenever possible, 
until wound healing was obtained. 


Study Sequence for Group I With Dressings 


Dressing changes were performed in the evening, and 
at 5:0G A.M. the following morning, the patient was moved 
to the environmentally controlled metabolic chamber 
(Hotpack Corp., Philadelphia, PA), which was regulated 
at the patients’ selected ambient conditions. A heparin 
lock was placed the prior evening to obtain repetitive 
blood samples without serial venopuncture. On the 
morning of the metabolic study, blood was drawn for E 
and N= determination, after which baseline partitional 
calorimetry was performed. Patients then were fed break- 
fast, and the T, was lowered. After a steady state was 
obtained at the new temperature (as determined by the 
oxygen. consumption rate and core [Tp] and surface tem- 
peratures [Ts]), the patient was asked whether they were 
warm, zomfortable, or cold. At this point, a 20-minute 
calorimetry run was performed, after which blood was 
drawn “or E and NE assay. This sequence was repeated 
until the T, at which the patient was first subjectively 
cold. Depending on the patient’s cooperation and dis- 
comfort, sequential lowering of the Ta was continued until 
the patient was no longer cooperative. The study was then 
terminated and the patients returned to their room. The 
study sequence of group II without dressings was identical 
to that jast described for group I. The study sequence for 
group II without dressings, Ta of 25 C, and EM heaters 
controlled by the patient differed in that the metabolic 
chamber and the patient’s room were maintained at 25 
C and 4C% relative humidity and the EM heaters adjusted 
to the setting required to obtain a comfort state for the 
patient. The study sequence differed in that the T, was 
held constant and the EM heater output lowered in 50- 
to 150-W decrements. The patients’ first sensation of 
coolness was again noted and calorimetry performed at 
successive decrements in EM heater output, each time 
after a new steady state was reached. As before, blood was 
drawn at the end of each calorimetry period for E and 
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NE assay. The study sequence for group IV controls was 
identical to that for groups I and II. 

The methodology for the partitional calorimetry studies 
has been previously described in detail.? Catecholamine 
assays were performed using a radio-enzymatic assay kit 
(Amersham Cat-A-Kit, Arlington Heights, IL). 

Differences between mean values for parameters mea- 
sured or calculated for the four groups were examined for 
significant differences using analysis of variance. Where 
the value of F was significant, Duncan’s multiple range 
test was used to detect significant differences between the 
individual group means. Intragroup changes in critical 
parameters were tested for significant differences between 
mean values using the paired t test. Examination was 


made for possible correlation between critical variables | 


by linear regression analysis. Where positive or negative 
correlation was present, regressions were compared one 
with another using the small sample t tests for parallelism 
and common intercepts.* In all comparisons, the null 
hypothesis was rejected at the 0.05 level of probability. 

These experimental protocols were approved by the 
Human Research Advisory Committee for the University 
of Arkansas for Medical Sciences, and informed consent 
was obtained from each patient or a guardian or spouse 
where appropriate. 


TABLE 2. Calorimetry When Patients Were Subjectively Neutral 


Group 
I II Il IV 
Measurement (n = 6) (n = 5) (n = 4) (n = 5) 
Hp 58 + 9 63 +15 6l til 41 5 
% AHp 24 +24 46 +35 4! +19 -9 +12 
H p-fever 52 + 9 55 +12 5 t9 43 + 5 
Ey 32. 15 37 1l 38 +13 IS ż 3 
Qr 33 + 8 36 + 5 52 + DF 32 ż 2 
Ho 40+ 1.7 44+ 0.7 23+ 1.6 41+ 1.0 
Ts 374+ 0.5 38.0+ 0.6 378+ 12 36.1 & 0.2 
Ts 32.9 + 08 359+ 1412 35.82. 13* 336+ 03 
Ta 26.0+ 1.6 28.6+ 1.9 (25) 26.9 + 0.8 
Tr 38.1+ 0.5 38.5+ 0.5 38:3 11 36.7 + 0.3 
AS -0.2 + 0.4 03+ 3.5 04+ 0.5 0.6 + 2.0 
EMH NA NA 43+ 44 NA 


All heat production and heat loss measurements are expressed as W/ 
m?, and all temperatures as degrees Centigrade. Values are expressed as 
the mean + SD. 

Hp: heat production; % AHp, % change in heat production when com- 
pared with predicted normal values for age and sex where the predicted 
normal value for group I = 48 + 6, group II = 43 + 3, group H = 43 
+2, group IV = 45 + 5’: Hp-fever, heat production corrected for elevation 
in body temperature; Ey, evaporative heat loss; Qg, radiation heat loss; 
Ho, skin-to-air heat transfer coefficient; Tg, 80/20 weighted body tem- 
perature; Ts, average surface temperature; Ta, ambient temperature; Tr, 
rectal temperture; AS, stored body heat; EMH, electromagnetic heater 
setting, where a setting of 9 = 500 watts. (% Equation balance where 
heat production = heat loss: group I = 12%; group H = 16%; group 
IV = 15%.) 

* Estimation of Qr and Ts for group IH is distorted by the effect of 
electromagnetic heaters on skin temperature. 
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TABLE 3. Calorimetry When Patients Were Subjectively Cold 





Group 

l II III IV 

Measurement (n = 6) (n = 5) (n = 4) (n = 5) 
Hp 70 + 7* 75 +19* Tr +[2* SI + 6" 
% AHp 49 +26* 74 +47* 78 +25*. 16 z210* 
Hp-fever 63 + 4* 67 + 16 70 +12 53 + 7* 
Ey 35 £17 39 +18 36 +15 133 + £ 
Or 47 + 6 50 + 3 56 + OF 52 + | 
Ho 35t 1.2 38 £ 1.0 3.6+ 1.5 4l 0.5 
Tp 37.3 + 0.7 37.74 LI 37.4+ 1.1 35.9% 0.5 
Ts 318+ 1.5 34.44 2.8 333+ 2.2f - 3132-13 
Ta 2Lit 0.8 23.9% 3.3 21.8 + 3.8 215+ 26 
Tr 38.1 + 0.8 38.6 + 0.9 38.3 + 0.9 36.8 + 0.3 
AS —0.3+ 2.8 02+ 1.1 —lit 17 —24+ 3.2 

EMH NA NA 28+ 3.2 NA 


All heat production and heat loss measurements are expressed as W/ 
mĉ, and all temperatures as degrees Centigrade. Values are expressed as 
the mean + SD 

Hp, heat production; % AHp, % change in heat production when 
compared with predicted normal values for age and sex where the pre- 
dicted normal value for group I = 48 + 6, group II = 43 + 3, group HI 
= 43 + 2, group IV = 45 + 5’; Hp-fever, heat production corrected for 
elevation in body temperature; Ey, evaporative heat loss; Qr, radiation 
heat loss; Ho, skin-to-air heat transfer coefficient; Tp, 80/20 weighted 
body temperature; Ts, average surface temperature; Ta, ambient tem- 
perature; Tp, rectal temperature; AS, stored body heat, EMH, electro- 
magnetic heater setting, where a setting of 9 = 500 watts. (% Equation 
balance where heat production = heat loss: group I = 17%4; group H 
= 17%*; group IV = 27%4.) 

* Values are significantly greater for these patients when cold as com- 
pared with neutral (See Table 2), by paired t test. 

t Estimation of Qpr and Ts for group HI is distorted by the effect of 
electromagnetic heaters on skin temperature. 


Results 
Calorimetry and Heat Balance 


The data for neutral studies for all groups are sum- 
marized in Table 2, and for cold studies in Table 3. Es- 
timated heat loss exceeded heat production (Hp) for 
groups I, II, and IV under both neutral and cold conditions 
by an average of 16%. This probably reflects the inability 
to accurately measure average surface (Ts) and body tem- 
perature (Tg) with these experimental circumstances. The 
use of EM heaters for group III precludes estimation of 
radiational heat loss. 

Heat production correlates with percent body surface 
area burn only for neutral studies for group H (no dressings 
and variable ambient temperatures [T,]) alone and com- 
bined with neutral data for group III (without dressings 
with EM heaters) (r = 0.71, p < 0.05; Fig. 1). 

Percent body surface area burn is positively correlated 
with rectal temperature (Tr) for group II both for neutral 
and cold measurements, and groups I, I, and III for 
pooled neutral measurements (p < 0.05 for al! three 
regressions; Table 4 and Fig. 2). l 

All groups, including the controls, demonstrated a sig- 
nificant percent increase in the rate of Hp between mea- 


Group i] Group HH 
80 © a 


8 


Heat Production (Watts/m °} 
8 


Group Ii, y=30.4 + 0.734x, r=0.89, df=3, p<.05 
Groups Il and til, y=38.5 + 0.495x, r=0.71, df=7 
p<.05 
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Fic. 1. Linear regression analysis of percentage of body surface area burn 
and heat production when the patients were subjectively neutral (groups 
H and HI). ; 


surements made while the subjects were subjectively 
comfortable as compared with when the patients were 
subjectively cold (p < 0.05 all comparisons using paired 
t test, see Tables 2 and 3). For burn patients with occlusive 
dressings (group I) while comfortable, the average incre- 
ment in the rate of Hp above predicted age-matched nor- 
mals from the literature” was 24%. When corrected for 
the effect of increases in Tp, the average percent increase 
was 10.5%. When these same patients were cold, the in- 
crements were 49% and 35%, respectively (p < 0.002 for 
values uncorrected for Tp). For patients in group II 
(treated without dressings and variable T,) when com- 
fortable, these values are 46% increase in Hp and 27% 
when corrected for Tp, compared with 74% and 54% when 
cold (p < 0.04). For group III (patients managed with EM 
heaters), when comfortable these values are 41% and 21%, 
compared with 78% and 61% when cold (p < 0.05). These 
data show that by using external energy support or occlu- 
sive dressings, it is possible to decrease but not eliminate 
the HMR to burn injury. Occlusive dressings appear to 
be the most efficient method for controlling the HMR, 
with EM heaters intermediate, and variable T, is the least 
effective. | 


Zone of Thermal Neutrality 


The mean value for preferred T, for group I was 25.6 
+ 0.9; for group II, 28.8 + 2.1; and for group IV (controls), 
27.1 + 0.7. These data suggest that the zone of thermal 
neutrality after major burn injury is shifted upward when 
the patients are treated without dressings. The only sig- 
nificant difference between these groups, however, was 
between groups I and II (p < 0.05). 


Plasma and Urinary Catecholamines 


These data are summarized in Table 5. There were no 
significant intragroup differences in mean plasma E and 
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NE concentrations comparing neutral versus cold values. | 
Mean plasma E values for the two exposed burn groups 
were significantly higher than values for the control group 
for both neutral and cold conditions. Plasma E values for 
burn group I (with dressings) were not significantly dif- 
ferent from values for controls when neutral or cold. 
Plasma E concentrations demonstrate positive correlation 
with Hp only for burn group II when cold. There were 
no significant intergroup differences in the urinary excre- 
tion rate of E, calculated for 72-hour urine collections. 
Mean plasma NE concentrations for exposed burn group 
H wren neutral and cold, and exposed burn group III 
when. cold, were significantly higher than values for con- 
trols 5oth neutral and cold. Urinary NE excretion rates 
for the exposed burn groups were not different from one 
another, but were significantly higher than rates for the 
burn group with dressings and the control group. The 
urinary NE excretion rate for the burn group I with dress- 
ings d-d not’differ significantly from values for the control 


group. 


Discussion 


These data support the concept that the major drive 
for postburn hypermetabolism is a thermoregulatory re- 
sponse to an increased rate of heat loss, mainly evapo- 
rative, but also radiational when patients are treated with- 
out dressings. 

This portion of the HMR can most easily be controlled 
with insulative occlusive dressings, but also with EM 
heaters when patients are treated without dressings. 

These data do not support catecholamines as the pri- 
mary mediators of the HMR,’ although some plasma level 


- of at least E seems required for a maximal HMR. Changes 


in catecholamine metabolism after burn injury resemble 


Rectal Temperature (°C) 


Group fl, y=37.4 + 0.025x, r=0.89, df-3, p<,05 
Groups i, Il and fll, y=37.0 +0.03x, r=0.74, 
df=13, p<.01 
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Fic. 2. Linear regression analysis of percentage of body surface area burn 
and rectal temperature when the patients were subjectively neutral (groups 
I, I, and ID. 
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TABLE 4. Linear Regression Analysis 
Subjective 
Group Status X Variable Y Variable Regression df r p 
I C Tr Hp Y= —195.09 + 6.96 X 4 0.82 0.04 
I N EvHL Hp Y= 17.38 + 1.22 X 3 0.92 0.02 
i N Ts Hp Y= —385.43 + 12.49 X 3 0.98 0.003 
g N Tr Hp Y = —1004.91 + 27.77 X 3 0.93 0.02 
I C PE Hp Y= 49.88 + 0.23 X 3 0.92 0.03 
II C PBSA EyHL Y= —1.85 + 0.94 X 3 0.95 0.01 
II C PBSA PE Y= —55.24 + 3.74 X 3 0.88 0.05 
H C PBSA Tr Y= 36.6 + 0.05 X 3 0.94 0.02 
H N %BSA Hp Y= 29.93 + 0.76 X 3 0.90 0.04 
H N PBSA EyHL Y= 11.25 + 0.60 X 3 0.94 0.02 
I N %BSA Ts Y= 36.58 + 0.03 X 3 0.93 0.02 
Il N %BSA Ts Y= 33.19 + 0.06 X 3 0.94 0.02 
I] N %BSA Tr Y= 37.4 + 0.025X 3 0.89 0.05 
MI C PBSA Tp Y= 35.29 + 0.06 X 3 0.90 0.04 


N, neutral; C, cold; %BSA, % body surface area burned; Hp, heat 
production; EyHL, evaporative heat loss; Qg, radiation heat loss; Tp, 


a secondary general response to stress. The HMR is pres- 
ent in rats with burn injury after adrenal medullectomy.”: 
Plasma values for E, the calorigenic amine, do not cor- 
relate consistently with any element of the heat balance 
equation. In two clinical studies, beta-adrenergic blockade 
produced an average reduction in the rate of Hp of 20% 
in one study and none in the second study.'!!? In a third 
clinical study employing alpha and beta block, 64% of 
the original increase in Hp was still present.® 

Elevation in Tp after burn injury is a very consistent 
finding, and in the current studies is directly proportional 
to percent body surface area burn in nonseptic burn pa- 
tients (group II) both when subjectively neutral and when 
cold (See Fig. 2 for the neutral regression. The neutral 
and cold slopes of these regressions are not significantly 
different for patients in group II.). 

Clinical studies have demonstrated increased plasma 
concentrations of endotoxin in burn patients for at least 
| week after burn, and during episodes of sepsis.!*'4 In- 


rectal temperature; Ts, average surface temperature; Tp, average body 
temperature (80%/20%); PE, plasma epinephrine. 


terleukin-6 may remain elevated for as long as 6 weeks 
after burn injury and correlates well with increased Tg." 

A major portion of the increase in Tp after burn injury 
may represent expression of an exaggerated, prolonged 
acute phase response.!®!? The role of the cytokines inter- 
leukin-1 and interleukin-6 and tumor necrosis factor in 
the pathogenesis of increased Tp after burn injury is only 
now beginning to be investigated. The frequency and im- 
portance of endotoxin, originating in the gut or burn 
wound, in activating fixed and circulating macrophages 
as well as in other cell lines to produce these cytokines, 
which act as internal pyrogens, continues to be studied.” 

Thus far there is little or no evidence that these cyto- 
kines are the primary mediators of the HMR, but they 
may produce an additive effect to the thermoregulatory 
increment in Hp driven by increased heat loss, to the 
extent that they shift the hypothalamic thermoregulatory 
set point temperature upward, inducing increased Tg. By 
the Qo effect, these cytokines further increase the rate of 


TABLE 5. Plasma and Urinary Catecholamines 


Subjective Plasma E Plasma NE Urine E Urine NE 
Group Status n (pg/mL) (pg/mL) (ug/m?- hr) (ug/m?- hr) 
I, Bandaged, variable Ta N 6 96 + 62 663 + 514 LS £07 2.3 + 1.9 
C 6 76 + 56 622 + 595 
H, Exposed, variable Ta N 5 87 + 62 1000 + 528 2214 5.2 + 0.6 
€ 5 108 + 75 1274 + 502 . 
Ill, Exposed, EMH N 4 74 + 25 829 + 438 2.6 + 1.8 7.14 3.2 
C 4 130 + 72 1135 + 242 
IV, Controls N 5 191] 314 + 174 1.5 + 0.7 1.0 + 0.3 
C 5 I8+ 9 342 + 158 





Values are expressed as mean + SD. 
N, neutral; C, cold; E, epinephrine; NE, norepinephrine; Ta, ambient 
temperature; EMH, electromagnetic heater. Urinary catecholamines were 


estimated on individual 72-hr urine collections made with the patients 
in a neutral environment. 
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Hp. In support of this idea, ibuprofen, which blocks the 
final effector limb for internal pyrogens, lowers Tg of burn 
patients, with an associated decrement in Hp approxi- 
mately equivalent to the Qio effect of lowering T,.7!2* 


Conclusions 


(1) The major drive for the postburn HMR is increased 
evaporative and radiational heat loss. 

(2) That portion of the HMR driven by increased heat 
loss can be reduced to a manageable level or elimi- 
nated by using insulative dressings and ambient tem- 
perature control or no dressings with EM heaters. In 
both forms of management, using the individual pa- 
tient’s subjective perception of comfort (warmth or 
cold) as a guide for external energy support, it is pos- 
sible to greatly reduce but not eliminate the HMR to 
burn injury. 

(3) Catecholamines are not the primary mediators of the 
HMR, although some level of these amines is required 
for a maximal HMR. 


HYPOTHESIS 


A separate portion of the postburn HMR in nonseptic 
patients is secondary to the Qi effect of a chronic increase 
in body temperature directly proportional to burn wound 
size, in response to a shift in set point temperature in the 
pre-optic anterior hypothalamus. This shift is mediated 
by the cytokines interleukin-1 or interleukin-6 by the ar- 
achidonic acid cascade and prostaglandin E.!? Theoreti- 
cally, it should be possible to manage this component of 
the HMR separately from that component driven by in- 
creased heat loss. 
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Dr. J. WESLEY ALEXANDER (Cincinnati, Ohio): Thank you, Dr. Bland, 
Dr. Jones, Members and Guests. I am most pleased that Dr. Caldwell 
has asked me to discuss this paper, because we have differed considerably 
in Our opinions as to what causes the hypermetabolic response after a 
burn injury. In previous studies, Dr. Caldwell has claimed that the heat 
loss is the primary driving force, and in contrast, our laboratory has 
shown that the hypermetabolic response can be reduced by approximately 
80% by feeding immediately after burn injury, at least in burned animals, 
and to a lesser extent, perhaps, in humans. Early feeding is associated 
with a marked reduction in the translocation of bacteria and endotoxin 
from the gut, which activates macrophages and triggers the hypermet- 
abolic response by the release of cytokines and eicosanoids. This suggests 
a primary endogenous mechanism. 

In the current paper, Dr. Caldwell and his associates now provide clear 
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but very well-studied groups of burn patients that the major drive for 
the postburn hypermetabolic response in patients who are not at thermal 
neutrality and not treated with occlusive dressings is increased evaporative 
loss and radiational heat loss. They also suggest that if you do control 
thermal neutrality in a closed environment with dressings, these factors 
are not that important. It is indeed not surprising that increased heat 
production occurs in patients and even in controls who have muscle 
tenseness or even shivering from being cold. 

They also showed that heat production correlated with the size of burn 
and rectal semperature. Furthermore, there was increased heat production 
in group | patients even when corrected for rectal temperature. It thus 
seems that the two divergent views are both correct. Increased heat pro- 
duction occurs in patients who are cold or have large evaporative water 
losses. Anc hypermetabolism also occurs because of increased cytokine 
production, in part triggered by translocation of bacteria and endotoxin 
from the gut. 

I have tao questions. From the large standard errors of and the means 
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for heat production in all groups at thermal neutrality, there appeared 
to be great individual variations. Could some of this be a result of varied 
cytokine response? Or how else would you explain this? Was there vari- 
ation in the time when your patients started full or complete enieral 
feedings, and did this influence the metabolic rate at thermal neutrality? 

I certainly enjoyed the paper, and I congratulate the authors on an 
excellent study. 


Dr. BASIL A. PRUITT, JR. (San Antonio, Texas): I would like to com- 
pliment Dr. Caldwell and his associates on this interesting paper in which 
they confirm the earlier findings of several other investigators indicating 
that the increased metabolic rate after burn injury is temperature sensitive 
but not temperature dependent. Of particular interest is the demonstration 
that postburn hypermetabolism in all three groups, regardless of the 
method of wound care, is of lesser magnitude with current day techniques 
of burn care than it was in the late 1960s and early 1970s, when increases 
of two to two and a half times the predicted metabolic rate were com- 
monly measured. These findings have direct application to the nutritional 
support required by burn patients. 

Studies at our institute have indicated a correlation between circulating 
levels of catecholamines and metabolic rate after burn injury. Dr. Wilmore 
and others also confirmed that an additional cold stress, similar to that 
induced by Dr. Caldwell in these studies, was associated with further 
increase in circulating levels of catecholamines, except in those patients 
with massive burns in whom the pre-—cold stress level was already at an 
apparent maximum. The average extent of burn in Dr, Caldwell’s patients 
is rather small and it seems possible that, had he studied patients with 
more extensive burns and stratified such by burn size, he might have 
identified a similar relationship. 

It would be helpful in interpreting these studies for Dr. Caldwell to 
provide us with additional information. He did not specify at what time 
after injury the measurements were made, and it is well known that the 
magnitude of postinjury hypermetabolism changes significantly across 
time. Dr. Caldwell states that patients were not studied during periods 
of acute illness or when they were septic, but he does not state how acute 
illness and/or sepsis were diagnosed, how many studies were delayed 
because of those conditions, or how many measurements were made in 
close juxtaposition to episodes of sepsis. If gram-negative sepsis occurred 
in a greater number of group | patients, that might account for a lower 
metabolic rate. Also of concern is the fact that the patients were fed 
breakfast between the time of the thermal neutral measurement and the 
cold measurements and it is unclear just how much of the increased heat 
production was due to the thermogenic effect of the ingested food. The 
magnitude of the temperature decrements is not specified and, if that 
differed between groups, the response of the patients might have differed. 
Because narcotics can decrease metabolic rate in burn patients, it will 
be important to know that the morphine doses cited on page 5 were 
comparable in all groups. 

It is also troublesome that the catecholamine measurements were per- 
formed by commercial kits and one is left with the possibility that a 
high variability and lack of reproducibility of such kit-type measurements 
is responsible for the wide standard deviation of the measurements shown 
in Table 5. That is, the standard deviation of the plasma epinephrine 
levels in group | is approximately two thirds of the mean value, and the 
standard deviation of the plasma norepinephrine level is 76% of the 
mean. It would also be helpful if Dr. Caldwell could explain why the 
urinary excretion of epinephrine in group 4, the controls in whom the 
circulating level of epinephrine was one fourth that of group 1, was 
identical to the excretion in group 1. Did the patients in group 1 have 
some element of renal failure or hypovolemia otherwise undetected? 
Also of concern is the fact that the plasma epinephrine and plasma nor- 
epinphrine levels in both the thermal-neutral and cold-stressed conditions 
of all three groups are more than four times and two times those in the 
control groups, respectively. That in itself would suggest that the catechols, 
although perhaps not the sole mediators, are indeed mediators of postburn 
hypermetabolism. The lack of statistical significance of those differences 
may simply reflect the small number of study patients and represent a 
Type II error. Lastly, the attribution of hypermetabolic consequences to 


CONTROL OF THE HMR TO BURN INJURY 491 


cytokines and arachidonic acid metabolites is puzzling because none of 
those substances were measured in this study. 

I compliment the authors again on documenting the magnitude of 
postburn hypermetabolism, demonstrating how that can be modified Dy 
wound care, and redefining the principle of the overcoat. 


DR. FRED T. CALDWELL, JR. (Closing discussion): One could anticipate 
the nature of Dr. Pruitt’s remarks; however, most of his questions are 
answered in the manuscript, which he had for 2 weeks before the meeting. 
The groups are not perfectly matched but are not significantly different 
from one another in any critical parameter (Table 1). As in our earher 
studies (Ann Surg 1981; 193:579~591), percent body surface area burn 
(%BSAB) did not correlate with heat production (Hp) for the burn group 
with dressings and variable ambient temperature (Ta), whereas the slope 
of the combined regression for the exposed groups for %BSAB versus 
Hp is approximately the same as in 1981. What has changed is the method 
of management for burn patients. Most studies demonstrating a flatter 
slope for the relationship between %BSAB and Hp use either occlusive 
dressings or external energy support (Ann Surg 1988; 208:484-492; Burns 
1990; 16:259-264). 

All of the calorimetry studies were performed during the first 14 days 
after burn, before any operative intervention, and before quantitative 
wound cultures exceeded 10° organisms/cm? or blood cultures were pos- 
itive. 

All patients and controls were fed breakfast at the same time in the 
study protocol. Specific dynamic action (SDA) of food may increase 
basal heat production by as much as 30%. It is difficult, however, to 
detect an SDA effect when patients with large burn wounds are studied 
before and after a meal. In any event, all patients and controls were 
treated in the same manner. We could not justify fasting these patients. 

Dr. Pruitt questions the methodology for the catecholamine assay, 
noting great variance in the data. The radioenzymatic kit used was de- 
veloped by Upjohn (Kalamazoo, MI) and sold to Amersham (Arlington 
Heights, IL) and has been in use for more than 15 years. All specimens 
were run in duplicate, against a standard curve repeated with each run. 
In our laboratory and in many others, this method gives results com- 
parable to those of high-pressure liquid chromatography. Variance in 
this case reflects the biologic nature of catecholamines with a half-life of 
20 seconds, and the true nature of human response to burn injury. In 
our opinion, these results reflect the relative degree of total stress expe- 
rienced by the group. 

Regarding norepinephrine excretion rates, there is nothing to explain. 
Norepinephrine urinary excretion rates for group 1 with dressings were 
not different from those of controls, whereas for both groups treated with 
wound exposure, norepinephrine excretion rates were significantly greater 
than for the control and bandaged groups. 

We believe there are ample data to justify the hypothesis offered; it is 
more than speculation. Endotoxin has been demonstrated in the plasma 
of burn patients during the first week after burn, and during periods of 
sepsis (Surgery 1987; 102:808-812; J Burn Care Rehabil 1989; 10:327- 
330). Interleukin-6 has been demonstrated in plasma from burn patients 
for as long as 6 weeks after burn and positively correlates with rectal 
temperature. Interleukin-6 may be the most important endogenous py- 
rogen (Surgery 1991; 109:761-767; Lancet 1987; 2:921; Clin Immunol 
Immunopathol 1990; 54:361-—371),. 

We appreciate Dr. Alexander’s remarks. The role of early feeding after 
burn injury in preventing translocation from the gut of endotoxin and 
bacteria remains incompletely understood. We were unable to duplicate 
the results achieved by Dr. Alexander’s group with early postburn feeding 
when we used a rat model compared with their guinea pig model (J 
Trauma 1990; 30[Supp! 12]S24—S30). Nonetheless, I agree that a portion 
of the hypermetabolic response is secondary to increased body temper- 
ature, even in nonseptic burn patients, and is driven by cytokines, most 
likely interleukin-6, and is mediated by the preoptic anterior hypothal- 
amus. This is not a new idea (World J Surg 1978; 2:203-214), but new 
studies enhance our understanding of this complex response. Most of 
these patients had oral feedings begun during the first 48 hours following 
burn injury. 

I thank the Association for the privilege of presenting these data. 
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Several significant advances in the treatment of hepatic injuries 
have evolved over the past decade. These trends have been in- 
corporated into the overall treatment strategy of hepatic injuries 
and are reflected in experiences with 411 consecutive patients. 
Two hundred fifty-eight patients (63%) with minor injuries 
(grades I to IT) were treated by simple suture or hemostatic agents 
with a mortality rate of 6%. One hundred twenty-eight patients 
(31%) sustained complex hepatic injuries (grades III to V). One 
hundred seven patients (83.5%) with grades III or IV injury un- 
derwent portal triad occlusion and finger fracture of hepatic pa- 
renchyma alone. Seventy-three surviving patients (73%) required 
portal triad occlusion, with ischemia times varying from 10 to 
75 minutes (mean, 30 minutes). The mortality rate in this group 
was 6.5% (seven patients) and was accompanied by a morbidity 
rate of 15%. Fourteen patients (11%) with grade V injury (retro- 
hepatic cava or hepatic veins) were managed by prolonged portal 
triad occlusion (mean cross-clamp time, 46 minutes) and exten- 
sive finger fracture to the site of injury. In four of these patients 
an atrial caval shunt was additionally used. Two of these patients 
survived, whereas six of the 10 patients managed without a shunt 
survived, for an overall mortality rate of 43%. Over the past 4 
years, six patients (4.7%) with ongoing coagulopathies were 
managed by packing and planned re-exploration, with four pa- 
tients (67%) surviving and one (25%) developing an intra-ab- 
dominal abscess. One additional patient (0.8%) was managed by 
resectional debridement alone and survived. During the past 5 
years, 25 hemodynamically stable and alert adult patients (6%) 
sustaining blunt trauma were evaluated by computed tomography 
scan and found to have grade I to III injuries. All were managed 
nonoperatively with uniform success. The combination of portal 
triad occlusion (up to 75 minutes), finger fracture technique, and 
the use of a viable omental pack is a safe, reliable, and effective 
method of managing complex hepatic injuries (grade III to IV). 
Juxtahepatic venous injuries continue to carry a prohibitive 
mortality rate, but nonshunting approaches seem to result in the 
lowest cumulative mortality rate. Packing and planned reex- 
ploration has a definitive life-saving role when used adjunctively 
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in the presence of a coagulopathy. Nonoperative management of 
select hemodynamically stable adult patients, identified by serial 
computed tomography scans after sustaining blunt trauma is 
highly successful (95-97%). 


mortality rate from civilian hepatic injuries has 

remained at a relatively low constant of 10%. One 
reason for this is that most hepatic injuries are minor 
(grades I to II), and require minimal or no operative in- 
tervention. Significant mortality rates, however, are as- 
sociated with more complex injuries (grades III to V), 
often exceeding 50%.'* | 

In 1983, the authors reported their experience with 
portal triad occlusion (Pringle maneuver)’ and the finger 
fracture technique for achieving intrahepatic hemostasis 
in patients with complex injuries. We recorded a mor- 
bidity rate of 8.3% and a mortality rate of 5.3%.* Subse- 
quent data accumulated over the past 8 years have cor- 
roborated this treatment modality as safe, reliable, and 
highly effective. | 

Over the past decade, however, several significant ad- 
vances have evolved that radically change the way trauma ` 
surgeons approach the injured liver. These advances have 
been incorporated into our overall treatment plan. Fore- 
most among them are perihepatic packing and planned 
re-exploration and nonoperative management of select 
hemodynamically stable patients identified by computed 
tomography (CT) scan. 

The purpose of this report is (1) to present data sub- 
stantiating portal triad occlusion coupled with finger frac- 
ture of hepatic parenchyma as the preferred method of 
managing most grade III to IV injuries; (2) to delineate 
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newer trends, establish guidelines for them, and present 
the results of their use; and (3) to support the contention 
that juxtahepatic venous injuries can be managed ade- 
quately without the use of vena caval shunts. 


Materials And Methods 


From January 1977 to January 1991, we managed 411 
consecutive adult patients with hepatic injuries at Bellevue 
Hospital, an Urban Level I Trauma Center. Classification 
of severity of injury was based on the American Associ- 
ation for the Surgery of Trauma hepatic injury scale® (Ta- 
ble 1). 


Management of Four Hundred Eleven Hepatic Injuries 


Two hundred fifty-eight patients (63%) (Fig. 1) sus- 
tained minor injuries (grades I to II), and were treated by 
simple suture, electrocautery, or adjunctive hemostatic 
agents. Fifteen of these 258 patients all died of nonrelated 
hepatic injuries. 

One hundred twenty-eight patients (31%) sustained 
complex hepatic injuries (grades II] to V}. The specific 
characteristics pertaining to these patients are depicted in 
Table 2. 

Three different treatment modalities were employed 


alone or in combination for the management of these 128 


patients (Table 3). 


Portal Triad Occlusion and Finger Fracture of Hepatic 
Parenchyma (121 Patients) 


Group I: Grade IH to IV Injuries (107 Patients). One 
hundred seven patients, representing 83.5% of all complex 


TABLE |. Liver Injury Scale 
Grade* Injury Description t 


I Hematoma 
Laceration 


Subcapsular, nonexpanding, < 10% surface area 

Capsular tear, nonbleeding with < 1-cm-deep 
parenchymal disruption 

Subcapsular, nonexpanding, < 10-50%; 
intraparenchymal, nonexpanding < 2-cm- 
diameter 

< 3-cm parenchymal depth, < 10-cm length 

Subcapsular, > 50% of surface area or 
expanding; ruptured subcapsular hematoma 
with active bleeding; intraparenchymal 
hematoma > 2 cm 


II Hematoma 


Laceration 
III Hematoma 


Laceration > 3-cm parenchymal depth 
IV Hematoma Ruptured central hematoma 
Laceration Parenchymal destruction involving 25-75% of 
hepatic lobe 
V Laceration Parenchymal destruction > 75% of hepatic lobe 
Vascular Juxtahepatic venous injuries 
{retrohepatic cava/major hepatic veins) 
VI Vascular Hepatic avulsion 


* Advance one grade for multiple injuries to the same organ. 
+ Based on most accurate assessment at autopsy, laparotomy, or ra- 
diologic study. 
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Total Patients 
All 









Grades I-II 
Suture/Drainage 
258 


Non-Operative 
Management 
25 























Resectional Finger Fracture , Packing & 
Debridement Pringle Maneuver, Re-Operation 
1 Omental Packing 6 


121 


Grade V 


Grades HI - IV 
107 (Retrohepatic Cava/ 
Hepatic Vein Injury) 

14 





Fic. 1, Management of 411 hepatic injuries (1977-1991). 


hepatic injuries, were managed by seven key maneuvers 
previously described‘: (1) manual compression of the in- 
jury and intraoperative resuscitation before starting de- 
finitive operative therapy; (2) hepatocyte protection by 
bolus infusion of 30 to 40 mg/kg of Solu-medrol (Upjohn, 
Kalamazoo, MI), and the maintenance of a hepatic tem- 
perature of 30 C through topical hypothermia; (3) portal 
triad occlusion; (4) finger fracture of normal hepatic pa- 
renchyma in the direction of injury for ligation of lacerated 
blood vessels and bile ducts under direct vision; (5) re- 
sectional debridement either for severe parenchymal de- 
struction or for removal of nonviable ischemic hepatic 
tissue; (6) the insertion of a viable omental pack into the 
liver to aid in hemostasis as well as to reduce dead space; 
and (7) closed suction drainage. 

Eighty-six of the 107 patients (80%) were classified as 
grade III injuries and 21 (20%) as grade IV. In this group 
of 107 patients, penetrating trauma was responsible for 
83% of the injuries—52 stab wounds (48.5%) and 37 gun- 


TABLE 2. Characteristics of 128 Complex Hepatic Injuries 


75% hypotensive (systolic blood pressure <90) 
60% associated injuries (25% hollow viscus) 
Mean ISS score = 39 (range 16-75) 
Mean transfusion = 14.5 units (range 4-60 units) 
Etiology 
Penetrating 99 (77%) 
Stab wound 56 
Gunshot wound 43 
Blunt 29 (23%) 
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TABLE 3. Management Techniques and Results in 128 Complex Operative Cases 


494 
No. of 
Treatment Patients Mean ISS 
Portal triad occlusion 
and finger fracture 
Grade II-IV 107 (83.5%) 35 
Grade V 14 (11.0%) 50 
Packing and reoperation 6 (4.7%) 33 
Resectional debridement 1 (0.8%) 16 
Total 128 33.5 


ISS, injury severity score. 


shot wounds (34%)—-whereas 18 sustained blunt injuries 
(17%). The abbreviated injury severity score ranged from 
16 to 66, with a median of 35. 

Seventy-three surviving patients (73%) required portal 
triad occlusion to achieve intrahepatic hemostasis, with 
a range of ischemia time of 10 to 75 minutes and a mean 
cross-clamp time of 30 minutes. In 47 of these 73 (64%), 
the portal triad was occluded for more than 20 minutes. 
Moreover, occlusion time exceeded 30 minutes in 28 pa- 
tients (38%) and 1 hour in 5 (7%). Liver function tests 
were transiently elevated in all patients during the post- 
operative period, but returned to normal by the time of 
discharge. Neither hepatic failure nor hepatic necrosis was 
recognized in any of these patients. 

There were seven deaths, for a mortality rate of 6.5%. 
Two patients (1.9%), both with blunt grade IV injuries, 
required reoperation for bleeding in the early postoper- 
ative period. Eight (7.5%) patients went on to form peri- 
hepatic abscesses, of which two required operative drain- 
age, and the remaining six were drained percutaneously. 
Six patients (5.6%) developed biliary fistulae; all, however, 
resolved spontaneously. 

Group II: Grade V Injury (14 Patients). Fourteen pa- 
tients (11%) sustained injuries to the retrohepatic cava or 
the hepatic veins. The abbreviated injury severity score 
ranged from 16 to 75, with a median of 50. Nine of these 
14 (64%) resulted from penetrating trauma-—five stab 
wounds (36%) and four gunshot wounds (28%)—and five 
sustained blunt injuries (36%). An atrial caval shunt was 
used in the initial four patients, with two surviving. One 
patient died before any form of operative intervention. 
Nine patients were managed without a vena caval shunt. 
Instead, prolonged portal triad occlusion (mean cross- 
clamp time, 46 minutes) and extensive finger fracture to 
the site of injury were employed. Of these nine patients, 
six survived. The overall mortality rate for the entire group 
was 43%. Of the five patients sustaining blunt injuries, 
however, there was only one survivor, whereas seven of 
the nine with penetrating injuries survived. 

Two of the surviving patients went on to form post- 
operative subphrenic abscesses, which necessitated op- 


Postoperative Bile 
Mortality Bleeding Abscess Fistula 
7 (5.5%) 2 (1.9%) 8 (7.5%) 6 (5.6%) 
6 £43%) — 2 (25%) 2 (25%) 
2 (33%) —_ 1 (25%) 1 (25%) 
15 (2%) 2 (1.6%) 11 (8.6%) 9 (7.0%) 


erative drainage in one and percutaneous drainage in the 
other. Two additional patients went on to form bile fis- 
tulas, both of which resolved spontaneously before dis- 
charge. 


Perthepatic Packing and Re-exploration (Six Patients) 


Cver the past 4 years, six patients (4.7%) with complex 
injuries required packing and planned re-exploration to 
arrest hemorrhage. The abbreviated injury severity score 
for this group varied from 16 to 57, with a median of 35. 
Perihepatic packing was employed only where conven- 
tional methods failed to control bleeding, usually as a 
result of an ongoing coagulopathy. The method of pack 
inse-tion conformed to the technique described by Feli- 
ciano et al.*? Pack removal varied from 36 hours to 4 
days after operation. Four of the six patients (67%) sur- 
vivei, one of them going on to form an intrahepatic ab- 
scess and a biliary fistula. Both were successfully drained 
percutaneously. 


Resectional Debridement (One Patient) 


One patient (0.8%) sustaining a blunt hepatic injury 
was managed by resectional debridement as the primary 
mode of treatment. 


Nonoperative Management Of Blunt Hepatic Injuries (25 
Patients) 


Over the past 5 years, hemodynamically stable and alert 
patients with blunt abdominal or lower thoracic cage in- 
juries were evaluated by CT scanning employing a GE- 
9800 scanner (General Electric Medical Systems, Mil- 
waukee, WI). All scans then were reviewed by a trauma 
attending physician, who made the decision for nonop- 
erative therapy. This was based primarily on continued 
hemodynamic stability in an alert patient, capable of re- 
sponding to serial physical examinations, coupled with 
the degree of injury ascertained by the CT scan. 

Twenty-five patients were identified by CT scan as hav- 
ing either an isolated hepatic injury (23 cases), or a com- 
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TABLE 4. Nonoperative Management of Blunt Hepatic 
Trauma in 25 Patients* 





Injury Grade No. of Patients (%) 





I 7 (28%) 
I] 13 (52%) 
III 5 (20%) 





* Mean transfusion 2.2 units; mean hospitalization 14 days; success 
rate 100%. 


bined hepatic and splenic injury (2 cases). Specific data 
relating to these patients are detailed in Table 4. All pa- 
tients were managed initially in an intensive care unit 
setting. A repeat CT scan was performed at 1 week after 
injury. If significant resolution was achieved, patients were 
transferred to the ward. All patients then were rescanned 
before discharge and at 1-, 2-, or 3-month intervals, de- 
pending on the degree of injury resolution (Figs. 2 to 5). 
At the end of 3 months, virtually all lesions had resolved, 
and patients were then permitted to resume normal ac- 
tivities with the exclusion of contact sports. This mode 
of management was uniformly successful, and no patient 
required operative intervention either for failure of treat- 
ment or for the development of an abscess. 


Discussion 


Since 1979, the authors have advocated portal triad 
occlusion, the finger fracture technique, individual ligation 
of lacerated blood vessels and bile ducts under direct vi- 
sion, coupled with extensive debridement and omental 
packing, for treatment of complex hepatic injuries.'? The 
use of this method resulted in a mortality rate of only 
5.3% in 75 patients presenting with complex hepatic in- 





FIG. 2. A 46-year-old black man was thrown over the top of his bicycle 
and was brought to the emergency room. He reported right upper quad- 
rant and right flank pain. An admitting CT scan showed a large hepatic 
laceration with a significant parenchymal hematoma. Because the patient 
was alert and hemodynamically stable, he was managed nonoperatively. 
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FIG. 3. CT scan | mo later showed significant improvement of the hepatic 
laceration and the parenchymal hematoma. 


juries.* Of the 128 complex injuries reported in this series, 
117 (91%) were managed solely by portal triad occlusion, 
finger fracture technique, debridement, and an omental 
pack. An additional 10 patients required adjunctive ma- 
neuvers (intracaval shunt in four, and packing in six) to 
achieve hemostasis. Thus, 127 of the 128 patients (99%) 
with complex hepatic injuries were managed with the 
techniques mentioned above. The cumulative mortality 
rate for these 128 patients, including those with juxta- 
hepatic venous injuries (grade V) and those requiring 
packing, was 12% (15 patients). In the 107 patients with 
grade III to IV injuries, however, the mortality rate was 
only 6.5% (7 patients) with an accompanying morbidity 
rate of 15% (postoperative bleeding occurred twice [1.9%], 
eight patients [7.5%] developed perihepatic sepsis, and six 
[5.6%] formed biliary fistulae [Table 3]). 

These successful results serve to reinforce our belief 
that portal triad occlusion coupled with the finger fracture 





FIG. 4. Repeat CT scan 3.5 mo after injury shows complete resolution 
of the laceration and minimal residua of the hepatic hematoma. 
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FIG. 5. Cross-clamp time: 81 patients. 


technique and omental packing®'''!” is the optimal treat- 


ment strategy for grade III to IV hepatic injuries. Among 
the objections to this operative approach is the fear of 
excessive bleeding caused by finger fracture of normal he- 
patic parenchyma along nonanatomic planes'*'° and the 
mistaken premise that hepatic ischemia can be safely tol- 
erated for only 15 to 20 minutes. We have found these 
concerns to be entirely unwarranted. Of 128 patients in 
this series, 127 (99%) were managed by finger fracture of 
the hepatic parenchyma to the site of injury, almost always 
along nonanatomic planes. The fact that no major mor- 
bidity rate was incurred should dispel any fears about this 
approach. Acceptance of the finger fracture technique as 
a safe and efficient treatment modality is evidenced by its 
use in 45% of the complex hepatic injuries treated by Fel- 
iciano et al.,! and 41% of the grade III injuries reported 
in Cogbill’s multicenter study.” Most recently, Beal? re- 
ported using this technique in 44% of 121 complex hepatic 
injuries, with a success rate of 87%. 

As to prolonged portal triad occlusion, it would appear 
that despite the continued documentation of its safety 
during both elective and traumatic hepatic surgery,*'°'*"” 
the myth of the 15- to 20-minute time limit persists. That 
the human liver can safely tolerate ischemia times beyond 
20 minutes is irrefutable.4!°!*-'? The maximal limit of 


safe portal triad occlusion is yet to be determined. Recent 
data provided by Delva et al.!’ and Bismuth et al.,'* stem- 
ming from their work with elective hepatic surgery, doc- 
ument warm ischemia times of up to 90 minutes, with 
mean cross-clamp times of 32.3 minutes and 46.5 min- 
utes, respectively. Prolonged warm ischemia times did not 
adversely affect postoperative stay, incidence of hepatic 
failure, or mortality rate. Whether an injured liver that 
has sustained further damage through periods of hypo- 
tension can then undergo prolonged portal triad occlusion 
under normothermic conditions is unknown. For this 
reason we routinely use hepatocyte protection before por- 
tal triad occlusion. This concept is based on experimental 
and clinical data suggesting that normothermic ischemia 
can be extended by either regional hypothermia??? or 
by the use of single-bolus large dose steroids (30 to 40 
mg/kg Solu-Medrol).”*?* Despite the suggestion that ste- 
roids may render patients more susceptible to postoper- 
ative sepsis,”> this complication has failed to materialize 
in this series; as our abscess rate was only 8.6%. 
Without randomized trials, of course, there is no hard 
evidence substantiating the use of either topical hypo- 
thermia or steroids as being beneficial in extending nor- 
mothermic hepatic ischemia time. The authors’ uniform 
success, however, along with the minimal complications 


Vol. 215+ No. 5 


encountered with these methods, make us decidedly re- 
luctant to change our approach. In the current series, 81 
of the 113 surviving patients (72%) with complex hepatic 
injuries (grades III to V) required portal triad occlusion, 
with a range of ischemia time varying from 10 to 75 min- 
utes, along with the finger fracture technique to achieve 
intrahepatic hemostasis. The mean ischemia time for the 
group was 32 minutes (Fig. 5). There were no instances 
of hepatic necrosis or permanent hepatic dysfunction. Al- 
though the efficacy of portal triad occlusion in arresting 
hepatic hemorrhage has been firmly established,*'*'?° 
there is little documentation for its use apart from the 
current authors. The value of this maneuver in the man- 
agement of complex hepatic trauma cannot be overem- 
phasized. Wider documentation of its use by level I trauma 
centers will be necessary to generate a broader database 
to provide the impetus necessary for acceptance of pro- 
longed portal triad occlusion without the fear of subse- 
quent hepatic necrosis or hepatic failure. 


Retrohepatic Caval And Hepatic Venous Injuries 


Injuries to the retrohepatic cava and main hepatic veins 
continue to result in a prohibitive mortality rate irre- 
spective of operative management. Surviving patients 
have, for the most part, been salvaged by means of a vena 
caval shunt, usually inserted through the right atrium 
(atrial caval) with an ensuing mortality rate of 77%. Un- 
due delays in both prompt recognition of the injury and 
shunt insertion seem to predominantly be responsible for 
the poor results attained with atrial caval shunting.*°78 
Despite strict attention to these pitfalls, mortality rates 
ranging from 50% to 90% continue to be reported by major 
trauma centers.'*7°3! These discouraging results with 
atrial caval shunts have led several investigators to attempt 
rapid direct exposure of the injured retrohepatic cava or 
hepatic veins for primary vascular repair without the con- 
comitant use of a shunt.?63132 

Among the 14 patients in this series who sustained jux- 
tahepatic venous injuries, the initial four were managed 
with an atrial caval shunt, with two surviving. The next 
nine patients were managed without a shunt. An addi- 
tional patient died before any form of therapy could be 
instituted. The nonshunting approach consisted of four 
essential features: (1) manual compression and vigorous 
resuscitation; (2) prolonged portal triad occlusion (mean 
occlusion time, 46 minutes); (3) rapid and extensive finger 
fracture for vascular control, almost always through nor- 
mal hepatic parenchyma to the site of injury; and (4) wide 
mobilization of the hepatic attachments with medial ro- 
tation of the liver to provide access to both the retrohepatic 
cava and the hepatic vein. Six of the nine nonshunted 
patients (67%) survived. This experience parallels that of 
Buechter et al.,?! who reported five survivors (25%) in 20 
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patients with juxtahepatic venous injuries. Ten of them 
were managed with a vena caval shunt and only one sur- 
vived, whereas in the remaining 10 total hepatic vascular 
occlusion was employed, with four patients (40%) surviv- 
ing. Similarly, Burch et al.” reported a 67% mortality rate 
in 31 patients when an atrial caval shunt was used, but 
only a 47% mortality rate in 15 patients (seven survivors) 
when the shunt was omitted. Of 142 adult patients with 
juxtahepatic venous injuries recorded over the past 5 years, 
35 (24.6%) were managed without a shunt. The survival 
rate achieved in these patients was a remarkable 49%, 
compared with a survival rate of 19% in patients treated 
with shunts. 2272830,3 1,33 

The devastating nature of blunt juxtahepatic venous 
injuries is evidenced by the fact that, with rare exception, 
no institution can present more than one or two surviving 
patients.” Of the five blunt injuries reported in this series, 
only one patient survived. 

Based on our own experience and that of others, several 
conclusions can be drawn concerning juxtahepatic venous 
injuries: (1) blunt injuries to these structures are almost 
always fatal”; (2) the cumulative mortality rate of 74% 
in 142 patients sustaining juxtahepatic venous injuries 
over the past 5 years differs little from the 77% previously 
reported*®; (3) as the authors observed in 1986,”° a direct 
approach to juxtahepatic venous injuries rather than using 
a vena caval shunt might result in better survival statistics, 
and this seems to be borne out in a small cadre of sub- 
sequently reported cases; and (4) advances in transplan- 
tation technology, logistical problems notwithstanding, 
may provide additional options in the management of 
these severe injuries; there has been a recent report of 
successful hepatectomy and second-stage transplanta- 
tion.*4 


Perihepatic Packing And Planned Re-exploration 


Serious complications associated with gauze packing 
of hepatic injuries during the early part of World War II 
led to the abandonment of this treatment for complex 
liver trauma.*>->” When faced with threatened exsanguin- 
ation from massive hemorrhage or a coagulopathy, how- 
ever, packing has become an essential and lifesaving ma- 
neuver. Initial reports!?*®? of successful results achieved 
served as the basis for further investigation of this tech- 
nique. Over the past decade, at least 250 documented 
adult patients with severe hepatic injuries were managed 
by packing and planned re-exploration, with 163 survivors 
(65%), 2940-45 

In our series, six patients (4.7% of all complex injuries) 
were treated with perihepatic packing and planned re- 
exploration because of an ongoing coagulopathy. The de- 
cision for packing was made after a mean of 15 units of 
blood had been given and conventional attempts at repair 
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of major lacerated blood vessels had been accomplished 
yet nonmechanical bleeding was evident. Four of the six 
patients (75%) survived who would otherwise have died. 
The appropriate timing for pack removal has been de- 
bated, but should logically be determined by correction 
of the patient’s acidosis, hypothermia, and coagulopathy. 
For the most part these goals can be achieved within 18 
to 36 hours. Packing is associated with a 20% to 30% 
incidence of perihepatic sepsis,””*°*> but early pack re- 
moval, along with the evacuation of intraperitoneal clots 
and the debridement of necrotic hepatic tissue, would ap- 
pear to lessen the incidence of this problem. 

Packing is most likely to be useful when a coagulopathy 
complicates conventional repair, or where bleeding can 
be specifically localized before a coagulopathy has set in.” 
When employed in this framework as an adjunctive 
method, a 67% survival rate has been reported in 106 
patients. When it was used as a last desperate maneuver, 
however, only one of 47 patients (2%) survived.2?** 

It should be emphasized, however, that perihepatic 
packing and planned re-exploration is applicable to only 
3% to 5% of all hepatic injuries, because conventional 
techniques for controlling hemorrhage will usually suffice. 


Nonoperative Management of Blunt 
Adult Hepatic Injuries 


’ Nonoperative management of blunt hepatic injuries in 
children has been extensively documented. The ex- 
trapolation of this approach to the adult patient, however, 
was initially met with scant enthusiasm, predominantly 
because concomitant intra-abdominal injuries could not 
be detected with sufficient certainty.**”? 

Recent technological advances in the field of comput- 
erized scanning®’*? have to some degree negated this 
concern. The initial success achieved by both Meyer’? 
and Andersson and Bengmark™ has subsequently been 
corroborated by others. At institutions nonoperatively 
managing 16 or more blunt hepatic injuries, at least 160 
patients have been treated since 1988, with a success rate 
of 97% 3355-58 

For nonoperative management of blunt hepatic injuries 
to be successful, strict criteria for patient selection should 
be established. Patients must demonstrate (1) hemody- 
namic stability, either initially or through modest fluid 
infusions; (2) absence of peritoneal signs; (3) neurologic 
integrity so that frequent serial examinations by the same 
surgical team are possible; (4) CT scan findings consistent 
with a grade I to III injury; (5) absence of an associated 
intra-abdominal injury; (6) need for no more than two 
hepatic-related transfusions; and (7) CT-scan-docu- 
mented stabilization or improvement of the injury.°° >? 
The number of patients with blunt hepatic injuries who 
can be treated nonoperatively is unknown. It would seem, 
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however, based on available published data, that at least 
20% to 45% can be.$?55-58 : 

Our own experience with 25 consecutive adult blunt 
hepatic injuries (grades I to III) managed nonoperatively 
(Table 4) reflects the national trend toward this newer 
treatment modality. Patients considered for this form of 
treatment should be classified as having a grade I to IH 
type of injury. Of the 52 patients managed nonoperatively 
by Knudson et al.,°® 77% were classified as grade I to III 
injuries. Knudson and colleagues also successfully man- 
aged 12 more hemodynamically stable patients nonop- 
eratively, seven (13%) grade IV and five (10%) grade V 
injuries (60). Although their success rate speaks for itself, 
the routine nonoperative treatment of grade IV and V 
injuries may be fraught with risks even in the hemody- 
namically stable patient. Further data will be required to 
ascertain if indeed nonoperative management of highly 
complex injuries (grades IV to V) can be safely under- 
taken. 

The detection of intra-abdominal injuries by CT scan 
has been reported to be highly accurate. This assurance 
notwithstanding, one must take into consideration the 
recent disturbing study by Croce et al., which was un- 
dertaken to correlate CT scan grading of blunt hepatic 
injuries and operative findings. In that study, CT scan 
grading correlated with operative findings in only 16%. 
Moreover, in 15 instances (41%) there was an underesti- 
mation of the hepatic injury. These findings seem alarm- 
ing, but conversely, one wonders if the clinical course of 
any patient would have changed if all the criteria for non- 
operative management were met and the patients were 
not operated on. Although the CT scan grade of injury is 
essential in the selection of patients for nonoperative 
management, the ultimate decision for operative inter- 
vention must be based on the hemodynamic stability of 
the patient irrespective of the grade of injury.” Addition- 
ally, inherent basic surgical objectives must remain of pri- 
mary importance. Unnecessary blood loss increases the 
risk of contracting hepatitis or the human immunodefi- 
ciency virus and must be avoided. Nor must associated 
intra-abdominal injuries be allowed to escape detection 
by sole reliance on CT scanning. Serial physical exami- 
nations, preferably by the same examiner, remain essen- 
tial. The commitment to treat patients nonoperatively 
should at no time result in the slightest hesitation to choose 
operative intervention if valid concerns arise. 


Conclusions 
Several conclusions can be drawn from our study. First, 
the combination of prolonged portal triad occlusion (up 
to 75 minutes), the finger fracture technique, and the use 
of a viable omental pack is, in our opinion, the optimal 
treatment for patients with grade III to IV injuries. This 


Vol. 215° No. 5 


is shown by a recorded mortality rate of only 6.5% in 107 
treated patients. Second, juxtahepatic venous injuries 
continue to carry a prohibitive mortality rate. Nonshunt- 
ing approaches, however, seem at present to yield the 
greatest success. Third, the technique of packing and 
planned re-exploration has a definitive and lifesaving role 
when a coagulopathy is present. Fourth, nonoperative 
management of adult blunt hepatic injuries is highly suc- 
cessful (95% to 97%) in patients meeting strict criteria. 


Adherence to these guidelines in the management of 


hepatic injuries should continue to keep mortality rates 
below 10% and morbidity rates to a minimum. 
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DISCUSSION 


Dr. DAVID V. FELICIANO (Atlanta, Georgia): Dr. Bland, Dr. Jones, 
Members and Guests, I would like to congratulate Dr. Spencer on a very 
clear presentation, and also congratulate both him and Dr. Pachter on 
choosing me as their discussant rather than Basil Pruitt. Since his land- 
mark presentation before this Association in 1982, Dr. Pachter has con- 
tinued to educate all of us in the fine points of management of grade 
HI, IV, and V hepatic injuries. These fine points include prolonged periods 
of clamping of the porta, vigorous mobilization of the injured lobe, and 
aggressive approach to finger fracture, which most of us now call hepa- 
totomy, insertion of omental packing into hepatotomy sites, and a se- 
lective approach to perihepatic packing. Using this approach he has ob- 
tained enviable results, including a 93.5% survival for patients with grade 
II and IV injuries, In my travels around the country, I find many surgeons 
in the community most reluctant to adopt prolonged periods of clamping 
of the porta and to pursue finger fracture in a patient who already has 
bleeding. In essence, Dr. Pachter has emphasized an aggressive technical 
approach, and this is the basis for the following three questions. 

First, in which patients, Leon, should the finger fracture technique 
not be used? For example, what do you do with a grade III hepatic injury, 
a through-and-through bullet wound, in a hemodynamically stable patient 
with only 500 mL of blood in the abdomen at operation and no active 
bleeding from either bullet hole? Frankly, I would do nothing with that. 

Second, how often do you use the viable omental pack to truly tam- 
ponade venous oozing rather than just use it as a space filler? 

And, thirdly, what drains do you use after insertion of an omental 
pack in a grade IV injury? This is a most comprehensive description of 
the state of the art in hepatic trauma, and I recommend it to the mem- 
bership. Thank you for the privilege of the floor. 


Dr. TIMOTHY C. FABIAN (Memphis, Tennessee): Thank you. I, too, 
would like to congratulate Drs. Spencer, Pachter, and colleagues for an 
excellent review of a very large series of liver injuries. Their results in 
terms of perihepatic sepsis in liver-related deaths are actually very similar 
to what we reported here last year, although our populations are somewhat 
different, with theirs being 70% penetrating versus ours being 49%. And 
I think it leads us to different approaches to some degree in the man- 
agement of liver wounds, because I think the mechanism of injury is 
very important for consideration. Your basic methods for complex in- 
juries as described include portal occlusion, finger fracture, and omental 
packing. I would like to ask you to address two questions relative to that. 

One, I think it is very helpful to have the Pringle maneuver applied 
for penetrating wounds when you have hepatic venous injuries, as well 
as artery and portal vein. Our experience has been not quite so good 
with blunt injuries, where primarily the oozing tends to be hepatic venous 
injuries. Could you address that? 

Secondly, I think this is a grand opportunity to do a prospective eval- 
uation to measure the effectiveness of your use of steroids and hypo- 
thermia. Clearly, steroids potentially could be harmful in this situation 
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with multiple-injured patients with relative immunoincompetence, and 
they are an additional cost. We have heard a lot about hypothermia 
being bad for patients already this afternoon. How exactly do you pack 
the liver with ice, and do you think that contributes in any way to any 
hypothermia? 

I would like to mention atrial-caval shunting for a second because it 
will com2 up year after year. Your recommendations certainly satisfy 
our bias <elative to this. In fact, I used to believe that there were more 
papers om the subject than there were survivors of the procedure. But I 
do believ2 that there is, I guess, a small number of patients in whom this 
can be efective today. I think Jon Burch demonstrated about a 50% 
survival rate earlier in his paper, and other people have. Also, we have 
not been too anxious to use it, but I would like to hear what your current 
recommendations are. Should it ever be used? 

And I would like to conclude the comments with addressing the non- 
operative management issue. I think you should be congratulated for 
excellent results in 25 patients. You had no failures. I would, first of all, 
like to krow, is that the true denominator? Is there a potential in series 
like this zhat are retrospective to a degree that some patients actually 
failed but went over into the operative group of management? We have 
had a couple of failures in our nonoperative management group that 
had to go to the operating room. I think that, looking at what is in the 
literature today, we can deceive ourselves because these are all retro- 
spective studies. For one thing, in smaller experiences, people tend not 
to report bad results. I am not saying that results are other than what 
has been reported, but there are other people who may not have as good 
results and are not reporting them. And, two, they may not be recognizing 
that some of their surgically managed patients were indeed observed at 
first. | think that clearly this could only be addressed by a prospective 
study loo<ing at nonoperative management very specifically and con- 
trolling your data very closely. Dr. Croce from our institution found in 
a report a year ago that, looking at computed-tomography (CT)-described 
anatomy with liver injuries, 40% of those underestimated the degree of 
injury, and there were some that were overestimated. It did not correlate 
very well t all. Consequently, what we have found now is that the volume 
of blood in the perihepatic tissues, gutters, and pelvis are at least as 
important, or maybe more important, than the anatomic description by 
CT scannimg. If you have a grade IV injury on CT scan but no perihepatic 
blood, those patients generally do well. If you have some blood in the 
gutter, it’s not quite as good. And then if you have blood in the gutter, 
pelvis, and perihepatic area, then there is probably a clear indication for 
operation regardless of grade of injury. Clearly, again, this does need 
more prospective evaluation. J think we’d better be a little reserved before 
we recommend it widely based on hepatic injury grading scale. Thank 
you very much. 


Dr. J. DAVID RICHARDSON (Louisville, Kentucky): It certainly is a 
pleasure to discuss this paper by Drs. Pachter, Spencer, and their col- 
leagues. I aave read the manuscript, and like the other discussants, cer- 
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tainly want to recommend it to anyone with a serious interest in liver 
trauma. 

We certainly agree conceptually with virtually all of the precepts that 
Dr. Spencer outlined. Our experience has been remarkably similar to 
that which they reported, although I would like to stress that we do not 
use hypothermia or steroids and would again echo Dr. Fabian’s call for 
some perhaps more scientific study of that particular treatment modality. 
It seems to me that most major trauma centers are now at the place 
where even with the difficult injuries they are hitting a mortality rate 
from hepatic trauma that is about in the 5% to 8% range. It may be a 
little higher if they are having a lot more blunt head injuries that are 
accounting for some of the deaths. When we reviewed our own experience, 
there seemed to be three things that now are limiting further progress in 
terms of lessening that mortality rate. We still find an occasional patient 
in whom the liver is pulped. That is usually either from a high-velocity 
gunshot wound or from blunt trauma in which literally the entire liver 
is in pieces, and the patient from any kind of a technical standpoint as 
near as we can tell is nonsalvageable. Secondly, coagulopathy. has been 
mentioned. And I think certainly in the patient who has multiple vascular 
injuries in association with hepatic injury, that is a real problem and 
one that needs to be considered, as several papers have indicated today. 
And, thirdly, there is the grade V injury, which certainly limits progress 
in reducing mortality rate further. 

Now the use of the atrial-caval shunt has been mentioned a lot in the 
literature, and Iam convinced that Dr. Fabian is right, that there literally 
have been more references to it than there are survivors. There were 
about 44 survivors reported in a collected series a couple of years ago, 
if my memory serves me correctly, and I found about 300 references to 
the technique in various writings. I really think that the use of the atrial- 
caval shunt in many patients creates a disease in itself. It opens up a 
cavity that may not need to be opened, and even if one is applying this 
technique very rapidly and is familiar with it, I am not really sure that 
it is going to lead to improved survival. We have a couple of survivors, 
but generally most of the patients in whom we have used it do not 
survive. 

I am reluctant to mention packing again because we have talked about 
it a couple of times, and I came in from the bathroom and the cardiac 
surgeons were out in the back saying, “Well, if those general surgeons 
would just learn how to cut and tie and sew well, they wouldn’t have to 
pack everything.” But, I will say it anyway, I do think that even in those 
grade V injuries there is a role for packing. We have had four survivors 
that I really do not believe would have survived with atrial-caval shunts, 
who survived by the use of selected packing of suprahepatic space. Two 
of those patients on reoperation required venorrhaphy or cavorrhaphy, 
but two actually had their bleeding totally stopped so that we just judi- 
ciously slipped the packs out, had no bleeding, put a drain in, and closed 
the patient. We strongly advocate when we pack that in most patients 
we use some kind of a vent for abdominal pressure such as Marlex (Phillips 
Petroleum) or a silo if one wants to use that phrase. 


We think that the use of suprahepatic packing, obviously, is going to , 


apply to an extremely small number of patients. But again, when you 
are down to a 5% percent mortality rate, salvaging a few more of those 
we hope may take us down in the range of a 2% to 3% mortality rate 
from the hepatic trauma itself. Thank you very much. 


Dr. J. ALEX HALLER, JR. (Baltimore, Maryland): I rise primarily to 
focus on that group of patients who were treated nonoperatively. Dr. 
Spencer and his group have characteristically cut to the essence of the 
management of these seriously injured patients. I would tike them to 
take us one step further. Dr. Spencer has emphasized the importance of 
finger fracture and also the importance of clamping across the major 
vessels in the liver. And I think there is no question but what that has 
taken us an important leap forward in the management of these pattents. 
Is it true that only 6% of this group of patients could be treated non- 
operatively? More than a decade ago, we learned in our pediatric 
trauma centers that it was possible to treat most of those children with 
blunt injuries, both with liver and with spleen injuries, nonoperatively, 
which was both heretical at the time and took some of us quite a while 
to accept. But I believe that it is possible to increase the number of 


HEPATIC TRAUMA 501 


those nonoperatively treated patients who have nonpenetrating injuries 
beyond 6%. 

The question I would like to ask in closing is, what are you using as 
your evidence of hemodynamic tnstability? You mentioned, 2 units of 
blood. There are other better parameters of hemodynamic stability. One 
of the criteria that we have used in children is the relative amount of 
volume replacement, namely, 40 mL/kg, usually of crystalloid rather 
than blood. By the time blood is hung, the patient 1s usually on the way 


to the operating room. Can you give us a better idea of how you are 


evaluating those patients? I suspect that you will agree that a number of 
those patients after exploration could have been treated nonoperatively. 
Can you take us that next step in this group of patients to decrease 
operative intervention in the largest group of your patients? Finally, are 
you using diagnostic peritoneal lavage at all? With your good computed 
tomography scans, you do not really care whether there are red cells in 
the abdomen. And yet across the country DPL is still being used as a 
primary indication for exploration. Should it be abandoned? Thank you 
very much. 


Dr. H. LEON PACHTER (Closing discussion): Perhaps, I should go 
backwards and answer Dr. Haller’s questions first. The 6% you refer to 
represents 6% of the entire group of patients. If one examines only blunt 
injuries, however, then the number of patients treated nonoperatively 
rises to 45%. Additionally, this is a very recent treatment modality in 
the adult patients, and as such I agree that the number of patients treated 
this way in the future will rapidly increase, if data continue to confirm 
the safety of this approach. With regard to what constitutes hemodynamic 
stability, I can only state that persistent hypotension (blood pressure <90 
mmHg) in the face of moderate fluid resusitation is my definition, and 
if that occurs, Pm on my way to the operating room. In the hemody- 
namically stable patient I agree with Dr. Haller that CAT scanning is 
preferable to DPL. ; 

Dr. Feliciano, as to which patients should not be treated by the finger 
fracture technique, I would submit the following: Patients sustaining 
Grade I to II injuries certainly don’t; patients with Grade III injuries not 
bleeding too rapidly might not, but most will; Grades IV to V injuries, 
as I treat them, will invariably require finger fracturing. As to what I 
would do with a through-and-through gunshot wound of the liver with 
500 mL of blood in the peritoneal! cavity and no active bleeding? I know 
what Dr, Fabian would do. He would stick a piece of omentum in it, 
Dr. Stain in California would put big sutures through the injury, and in 
Colorado some would fill the gap with either a bunch of Penrose drains 
or some sort of balloon tamponading device. My approach, which seems 
quite radical, may in fact be the simplest method of ensuring hemostasis 
as lacerated blood vessels are ligated under direct vision. The Pringle 
maneuver, however, remains the cornerstone of this approach. Unfor- 
tunately, Dr. Feliciano, you are quite right in pointing out the great 
reluctance for the routine use of portal triad occlusion when confronted 
with complex hepatic injuries. I hope that the data presented here today 
will dispel once and forever the myth that portal triad occlusion beyond 
15 to 20 minutes is unsafe. In answer to your second question, I use the 
omentum 75% of the time to tamponade minor venous oozirg, and | 
always use it in an attempt to decrease dead space. Finally, the issue of 
drains seems appropriate, especially in the presence of Dr. Sparkman, 
who is in the audience today. In 1954, Dr. Sparkman questioned whether 
routine drainage of hepatic injuries were necessary, based on his expe- 
rience of 100 patients. A quarter of a century later, the controversy was 
revived, and a final concensus has not been reached as to if, when, and 
what kind of drains should be used. Last year at this very meeting, Dr. 
Fabian presented data from a randomized prospective study comparing 
no drains to closed suction drains, and no drains to sump drains. The 
results were as follows: The incidence of postoperative abscess was 3.5% 
in those that had closed suction drainage, 6.7% in those with no drains, 
and 13% in those that had sump drains. Based on my own experience 
and that of Dr. Cogbill’s multicenter study (J Trauma 1988; 28:1433- 
1438) along with the above data, I believe that some form of drainage 
(closed suction) is necessary for some Grade III and all Grade IV to V 


_ injuries. 


Dr. Fabian, you are absolutely correct in emphasizing the fact that in 
blunt injuries oozing tends to be hepatic venous rather than arterial. The 


502 _ PACHTER AND OTHERS 


use of the Pringle maneuver in this situation enables me to finger fracture 
to the site of hepatic venous oozing while cutting off arterial inflow into 
the liver, thus creasing the amount of hemorrhage encountered during 
this maneuver. ] would also like to state that I would be most enthusiastic 
about collaborating in a multi-institutional prospective study evaluating 
the effects of steroids and hypothermia in prolonging ischemia time to 
the liver. As far as juxtahepatic venous injuries are concerned, preliminary 
data suggest that results without a shunt seem to be superior to shunting 
procedures. Personally, I have only used a shunt once in the last 7 years, 
and that was subsequent to the data submitted here today. I agree that 
caution should be exercised when treating patients nonoperatively because 
one cannot sit back and rely on CAT scan findings only. The hemody- 
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namic stability of the patients and the ability of the same set of examiners 
to serially follow the patient is of utmost importance. 

Dr. Richardson, I enjoyed your comments about packing, particularly 
with regard to its relevance to patients with juxtahepatic venous injuries 
who previously would have been treated by atrial caval shunting. Your 
observations are similar to those of Dr. Beal (J Trauma 1990; 30:163- 
169), who reported four patients with retrohepatic caval injuries who 
were packed and the bleeding stopped. She then went on to insert a 
shunt, and all four patients died. As you suggest and I concur, there is 
a definitive role for packing in Grade V injuries, cardiac surgery comments 
notwithstanding. I would like to thank the society for the privilege of 
the floor. 





Enteral Versus Parenteral Feeding 
Effects on Septic Morbidity After Blunt and Penetrating Abdominal Trauma 
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To investigate the importance of route of nutrient administration 
on septic complications after blunt and penetrating trauma, 98 
patients with an abdominal trauma index of at least 15 were 
randomized to either enteral or parenteral feeding within 24 hours 
of injury. Septic morbidity was defined as pneumonia, intra-ab- 
dominal abscess, empyema, line sepsis, or fasciitis with wound 
dehiscence. Patients were fed formulas with almost identical 
amounts of fat, carbohydrate, and protein. Two patients died 
early in the study. The enteral group sustained significantly fewer 
pneumonias (11.8% versus total parenteral nutrition 31.%, p 
< 0.02), intra-abdominal abscess (1.9% versus total parenteral 
nutrition 13.3%, p < 0.04), and line sepsis (1.9% versus total 
parenteral nutrition 13.3%, p < 0.04), and sustained significantly 
fewer infections per. patient (p < 0.03), as well as significantly 
fewer infections per infected patient (p < 0.05). Although there 
were no differences in infection rates in patients with injury se- 
verity score < 20 or abdominal trauma index < 24, there were 
significantly fewer infections in patients with an injury severity 
score > 20 (p < 0.002) and abdominal trauma index > 24 (p 
< 0.005). Enteral feeding produced significantly fewer infections 
in the penetrating group (p < 0.05) and barely missed the sta- 
tistical significance in the blunt-injured patients (p = 0.08). In 
the subpopulation of patients requiring more than 20 units of 
blood, sustaining an abdominal trauma index > 40 or requiring 
reoperation within 72 hours, there were significantly fewer in- 
fections per patient (p = 0.03) and significantly fewer infections 
per infected patient (p < 0.01). There is a significantly lower 
incidence of septic morbidity in patients fed enterally after blunt 
and penetrating trauma, with most of the significant changes 
occurring in the more severely injured patients. The authors rec- 
ommend that the surgeon obtain enteral access at the time of 
initial celiotomy to assure an opportunity for enteral delivery of 
nutrients, particularly in the most severely injured patients. 


ESPITE DIAGNOSTIC AND therapeutic advances 
D available to physicians, sepsis remains the most 
common problem in critically ill patients. The 
hypermetabolic state induced by these complications 
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gradually depletes the body of fat and protein stores. This 
progressive protein-calorie malnutrition increases the rate 
and risk of infection’ and impairs wound healing.” Over 
the past 2 decades, significant amounts of clinical and 
laboratory research have focused on the role of specialized 
nutrition support in preserving lean tissue mass and host 
defenses. Although clinicians agree that the gastrointes- 
tinal (GI) tract is the preferable route for nutrient admin- 
istration, patients are often provided total parenteral nu- 
trition (TPN) because of ease and reliability of adminis- 
tration. Unfortunately, this “traditional” approach has 
been no panacea for the critically ill, and few studies dem- 
onstrate significant benefits on morbidity and mortality 
rates with TPN. 

A substantial body of data suggests that route of nutrient 
administration influences the response to injury. The 
normal well-fed intestine absorbs nutrients while main- 
taining an effective barrier against intraluminal toxins and 
bacteria. Peristalsis, secretory immunoglobulin A, mucin, 
and the mucosa have protective and supportive roles in 
maintaining this function. Proponents of enteral (ENT) 
feeding cite expense, preservation of gut mass,* and pos- 
itive effects on the metabolic, hormonal,’ immunologic,° 
and visceral protein responses to injury with feeding’ but 
these arguments are countered by difficulty with delivery 
of adequate nutrients by nasoenteric feeding and the rare 
but possible risk of life-threatening complications. Direct 
ENT feeding by jejunostomy provides a more reliable 
means of ENT access and intestinal feeding that bypasses 
the problem of delayed gastric emptying. Although’ 
laboratory? and prospective clinical trials'®'' confirm 
reduced morbidity and mortality rates after trauma when 
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nutrients are provided through the GI tract rather than 
intravenously (I.V.), many clinicians remain skeptical of 
this route of administration.” Unfortunately, in the few 
randomized prospective studies to date, the most severely 
injured patients such as those requiring early reoperation, 
massive blood transfusions, or those with extensive intra- 
abdominal injuries with an abdominal trauma index 
(ATI)? of greater than 40 have been excluded from anal- 
ysis.!°!! If ENT feeding is truly beneficial, the most critical 
patients should be included in the study population. 

This randomized prospective study examines the effect 
of early ENT versus early parenteral feeding on the out- 
come of trauma patients in the first 15 days of hospital- 
ization. Using these two standard feeding techniques, 
outcome variables included the amount of nutrition de- 
livered, septic morbidity rates, and clinical outcome in a 
population of consecutive trauma patients with an ATI 
= 15 treated at an urban level I trauma center. 


Materials and Methods 
Study Protocol 


Ninety-eight trauma patients admitted to the Presley 
Memorial Trauma Center at the University of Tennessee, 
Memphis, requiring an emergent laparotomy between 
December 1989 and August 1991, were enrolled in the 
study protocol. Patients 18 years of age or older, with an 
intra-abdominal injury requiring laparotomy, who sus- 
tained an ATI of at least 15, were included in the study. 
After the management of intra-abdominal injuries, jeju- 
nostomy tubes were inserted distal to the ligament of 
Treitz using either a needle catheter jejunostomy (Vivonex 
Kit, Norwich-Eaton Pharmaceuticals, Norwich, New 
York) or standard red rubber catheter chosen at the dis- 
cretion of the five trauma service surgeons. Within 8 hours 
after operation, the Nutrition Support Service of the Re- 
gional Medical Center of Memphis was consulted and 
patients were assigned to either ENT or TPN feeding using 
a randomization table generated by computer before in- 
stitution of the study. Patients were not excluded from 
the study because of excessive blood loss, the need for 
reoperation within the first 72 hours, or an ATI of 40 or 
greater. Patients with intestinal repairs or anastomosis 
were included in the study. All postoperative management 
was directed by three of the operating surgeons responsible 
for trauma intensive care unit care. The study design and 
consent was approved by the Institutional Review Board 
of the University of Tennessee, Memphis. 

Non-nutritional management of patients for both intra- 
and extra-abdominal injuries remained standard for our 
institution throughout the study. Patients sustaining blunt 
or penetrating trauma were explored for signs of peritoneal 
irritation or hemodynamic instability from continued in- 
tra-abdominal bleeding. Standard diagnostic peritoneal 
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lavage criteria were used (red blood cells = 100,000/mm?°, 
white blood cells > 500/mm7°, presence of fiber, bacteria, 
or bile) to assess abdominal injury. When computed to- 
mography scans were performed to evaluate blunt ab- 
domir.al trauma, patients were explored for class III or 
higher liver and spleen injuries. Patients with gunshot 
wounds that traversed the abdominal cavity or knife stab 
wounds that penetrated the anterior fascia underwent ce- 
liotorry. Perioperative broad-spectrum antibiotics were 


_ administered prophylactically to all patients for no more 


than £ days unless clinical evidence of infection ensued 
or prophylactic antibiotics were dictated by the specialty 
services. Skin and subcutaneous tissue were left open for 
delayed primary closure in the presence of fecal and sig- 
nificant gastric contamination. 

Bota ENT and parenteral nutrients available to the cli- 
nician at the Regional Medical Center at Memphis are 
determined biannually by a bidding process that defines 
the formulary for nutrient products. The ENT formula 
(Vital HN, Ross Laboratories, Columbus, OH) admin- 
istered to patients in this randomized, prospective study 
was chosen because it was the low-bid ENT product at 
the start of this study. For pair feeding purposes, the phar- 
macy provided a parenteral formula with similar concen- 
trations of protein (Travasol, Clintec Nutrition, Deerfield, 
IL), carbohydrate, and fat (Intralipid, Kabivitrum, Inc., 
Alameda, CA) (Table 1). Institution of full-strength for- 
mulas progressed toward a goal rate of 1.5 to 2.0 g/kg/ 
day of protein/amino acids and 30 to 35 Kcal/kg/day of 
nonprotein calories (NPC). The time from injury to in- 
stitution of feeding was noted, and the rates of ENT and 
TPN feeding advanced as tolerated by the clinical con- 
dition of the patient. Eight patients with coagulopathy 
and uncontrollable intra-abdominal bleeding had tem- 
porary packing of their intra-abdominal injury and sub- 
sequert correction of hypothermia, acidosis, and coagu- 
lopathy in the intensive care unit. These eight patients 
were returned to the operating suite within 24 to 48 hours 
for completion of their operations and placement of ENT 
feeding tubes and they were subsequently randomized to 
either ENT or TPN feeding. 

Nasdgastric decompression continued for at least 3 
days. Nursing personnel flushed jeyunostomy tubes with 
10 cc of saline every 8 hours and administered no med- 


TABLE 1. Composition of Enteral and Parenteral Formulas 


Enteral Parenteral 
Protein/amino acids 16.7% 17% 
BCAA 18.2% 15.6% 
CHO 73.9% 74% 
Fat 9.4% 9% 
Calorie nitrogen 150/1 150/1 


BCAA, branched-chain amino acids; CHO, carbohydrate. 
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ications other than tube feeding through the jejunostomy. 
The sole exception to this protocol occurred in six (four 
TPN/two ENT) patients with Candida colonization at 
multiple sites. In those patients, nystatin was administered 
through the jeyunostomy catheter and immediately flushed 
with 10 mL saline. Central venous catheters were changed 
over a guidewire every 3 days, and the catheter tip and 
subcutaneous portions were sent for semiquantitative 
cultures. Twenty-four—hour urine collections were ob- 
tained on days 1, 4, 7, and 10 from the first 25 patients 
admitted to the trauma intensive care unit. Venous blood 
sampling for SMA-24 was obtained on the same days. 
The operating surgeon calculated the ATI at the time of 
the initial jeyunostomy placement. Nursing personnel of 
the Trauma Center Registry calculated the Injury Severity 
Score (ISS) to provide an anatomic index of the severity 
of total body injury. 

Septic morbidity was defined as pneumonia, intra-ab- 
dominal abscess (IAA), empyema (EMP), or line sepsis 
during the first 15 days. Septic morbidity was limited to 
15 days for several reasons. Sixty-two (64%) patients had 
been discharged from the hospital by that time. Of the 
remaining patients, most who developed pneumonias, 
IAAs, or EMPs had developed this complication within 
the first 2 weeks. Late septic complications that might 
have developed were related to orthopedic complications, 
recurrent urinary tract infections, or recurrent pneumonia. 
There is no reason to expect that early ENT feeding would 
have any effect on these complications. 

Pneumonia was defined as fever, leukocytosis, positive 
sputum/bronchoalveolar lavage specimens, or purulent 
sputum with the development of new pulmonary infil- 
trates. Atelectasis, pulmonary contusion, and pleural ef- 
fusions were excluded as causes of the source of infiltrates. 
Intra-abdominal abscess or EMP was defined as the pres- 
ence of a purulent collection in the abdominal or thoracic 
cavity after drainage by laparotomy, thoracostomy tube, 
or computed tomography-—directed catheter placement. 
Line sepsis was defined as purulence at the exit site of the 
catheter or positive catheter tip cultures in association 
with positive blood cultures and no other obvious source 
of bacteremia. Patients were not discontinued from TPN 
because of line infection; however, the catheter was re- 
moved and nutrition was reinstituted within 24 hours by 
a catheter inserted into another site. Necrotizing fasciitis, 
and wound infections associated with wound dehiscence 
were considered septic complications; however, minor 
wound infections and urinary tract infections were not 
included. Diarrhea was defined as unformed, watery stool 
occurring three or more times per 24-hour period. 

Enteral nutrition continued in ENT patients until they 
tolerated a diet, but two patients were switched to TPN 
because of failure to tolerate at least 50% of nutrient goal 
by | week. The complications of these patients were in- 
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cluded in the ENT analysis. After the first 40 patients had 
been enrolled in the study, TPN patients developing 
pneumonia, EMP, or IAA were switched to ENT feeding 
after confirmation of infections. In this group also, out- 
come data and septic morbidity that occurred up to the 
time of the switch to ENT feeding was included in the 
TPN group data. No enrolled patients were dropped from 
study analysis except for two early deaths. 

All infections were treated after diagnosis by the sur- 
geons delivering the postoperative care. At the time of 
hospital discharge, all charts were reviewed by the prin- 
cipal author for confirmation of infection. The charts of 
those patients in whom the presence of infection was not 
clear were reviewed by a second surgeon blinded to ther- 
apy, and this determination was considered definitive for 
the presence or absence of infection. After discharge, 
charts were reviewed to determine length of hospital stay, 
number of ventilator days, number of days receiving tube 
feedings or TPN, number of antibiotics and number of 
days on antibiotics, failure of ENT nutrition requiring 
cross-over to TPN, number of units of blood administered 
in the first 24 hours and during total hospitalization, and 
the maximum bilirubin level occurring in the first 15 days. 
The amount of nutrition administered by the ENT and 
TPN routes was also obtained. Nitrogen balances were 
calculated on days 1, 4, 7, and 10 by subtracting nitrogen 
losses (total urinary nitrogen excreted over 24 hours} plus 
an estimated stool and obligatory nitrogen loss of 2 g from 
the total nitrogen administered during that 24-hour pe- 
riod. Total urinary nitrogen was calculated using the py- 
rochemiluminescence technique with the Antek Nitrogen 
Analyzer (Antek Inc., Houston, TX). 


Statistical Analysis 


Significance for discrete (categorical) variables was de- 
termined with the chi square test of homogeneity or Fish- 
er’s exact test; all continuous variables were tested with 
either t tests or Mann-Whitney U tests. Before making 
each t test, we tested the assumption of equal or unequal 
variances with an F test and used the appropriate t test. 
Two-way analysis of variance was used to assess differences 
for infected and noninfected patients, for rate per kilogram 
per day, and ISS and ATI scores. A repeated measures 
analysis of variance compared nitrogen balance over time. 
Kaplan-Meier estimates of the survival distribution were 
computed within strata for length of stay in the hospital 
and number of feeding days and tested for equality. Risk 
was estimated as the cumulative incidence among patients 
who developed infections during the first 15 days of hos- 
pitalization. The crude measure of association between a 
single potential risk factor and infection was expressed as 
the relative risk, or rate of risk. Logistic regression was 
used to evaluate results from univariate and multivariate 
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analyses and approximate relative risk by odds ratios. For 
multivariate analyses, patients were stratified by presence 
(or absence) of a particular injury, mechanism of injury, 
or severity of injury (ISS or ATI score). 


Results 


Ninety-eight patients entered the study. One death oc- 
curred within 4 days in each of the groups due to he- 
modynamic instability and progressive multiple system 
organ failure. These two patients were excluded from 
analysis. Groups were well matched for severity of injury, 
age, and mechanism of injury (Table 2). 

Although not statistically significant, more patients 
(31.4%) in the ENT group sustained blunt trauma than 
in the TPN group (22.2%). Only six patients suffered knife 
wounds, with four of these patients entered into the TPN 
group. 

Enteral feeding began 24 + 1.7 hours after surgery; TPN 
began 22.9 + 1.6 hours after surgery. Two patients (3.9%) 
failed ENT feedings because of significant abdominal dis- 
tention. One patient developed delirium tremors and sig- 


nificant abdominal distention, but no significant pathol- . 


ogy was found at exploration. He subsequently suffered 
dehiscence of his wound and developed the only IAA in 
the ENT group. The second patient developed abdominal 
distention and failed to tolerate a minimum of 25 mL/ 
hour, therefore I.V. feeding was begun 7 days after entry 
into the study. Seven TPN patients were switched to ENT 
feeding after developing significant infections after oper- 
ation. 

There were no significant differences in blood require- 
ments during the first 24 hours, total blood administered 
during the hospitalization, days on a ventilator, number 
of antibiotics, or number of days on antibiotics (Table 3). 
Patients in the TPN group had significantly higher max- 
imum bilirubin levels during the first 15 days (ENT: 1.6 
+ 0.3 mg/dL versus TPN: 2.2 + 0.04 mg/dL, p < 0.05), 
although no significant differences in maximum bilirubin 


TABLE 2. Demographics and Mechanism of Injury 


ENT (N = 5f) TPN (N = 45) p 
Age (yr) 30.4 + 1.7 30.6 + 1.4 NS 
ATI 29.1 + 1.8 29.1 + 1.4 NS 
ISS Poel eben | 25.1 + 1.9 NS 
LOS (days) 20.5 + 2.8 19.6 + 2.8 NS 
Mechanism of injury 
Blunt 16 (31.4%) 10 (22.2%) NS 
Penetrating 35 (68.6%) 35 (77.8%) NS 
Gunshot 30 (58.8%) 29 (64.4%) NS 
Knife 2 (3.9%) 4 (8.9%) NS 
Shotgun 3 (5.9%) 2 (4.4%) NS 
Mean + SEM. 


ENT, enteral; TPN, total parenteral nutrition; ATI, abdominal trauma 
index; ISS, injury severity score; LOS, length of stay. 


Ann, Surg. + May 1992 


TABLE 3. Antibiotics, Blood Administration, Ventilator Needs, and 
Nutritional Administration 


ENT TPN p 
Blood (Ist 24 hr) 6.1 + 1.2 units 6.1 + 1.2 units NS 
Blood (total) 8.9 + 1.5 units 9.6 + 2.1 units NS 
Ventilator days 2.8 + 0.7 3,2 + 1.0 NS 
No. of antibiotics 2.6 + 0.3 3.0 + 0.6 NS 
Days on 
antibiotics 10.9 + 1.6 11.4423 NS 
Nitrogen balance 
(mg/kg/day) * 
Day | —284 + 25 ~252 + 24 NS 
(16) (20) 
Day 4 —77 + 28 109 + 29 NS 
(19) (21) 
Day 7 -238 + 5] —149 + 37 NS 
(11) (11) 

Day 10 —171 + 34 (5) —190 + 66 (5) NS 
NPC/kg/day 15.7 + 4.2 19.143.3 <.05 
NPC/kg at 

maximum 
rate 29.0 + 1.5 SL 12 NS 
Mean + SEM. 


* No. of patients analyzed for nitrogen balance shown in parentheses. 
ENT, enteral; TPN, total parenteral nutrition; NPC, nonprotein cal- 
ories. 


serum concentrations were noted between either the in- 
fected ENT and infected TPN group (ENT: 3.2 + 1.5 mg/ 
dL versus TPN: 3.4 + 1.0 mg/dL) nor between the un- 
infected ENT and TPN groups (ENT: 1.4 + 0.3 mg/dL 
versus TPN: 1.6 + 0.3 mg/dL). 

There were no significant differences in nitrogen bal- 
ances between the two groups on any day. Nitrogen bal- 
ances became more negative during the later days of study 
as less extensively injured patients were transferred from 
the intensive care unit. Enteral nutrition patients received 
significantly less nutrition per kilogram per day than did 
TPN patients (p < 0.05), but no differences in maximal 
rates given were noted between the two groups or in the 
noninfected patients (ENT: 30.2 + 1.2 NPC/kg/day versus 
TPN: 29.9 + 15 NPC/kg/day). Infected ENT patients 
tended to get less nutrition during the study (ENT: 27.7 
+ 2.8 NPC/kg/day versus TPN: 33.7 + 1.9 NPC/kg/day), 
but this failed to reach statistical significance (p = 0.09). 

Patients randomized to ENT experienced significantly 
less septic morbidity than patients receiving TPN. Enteral 
nutrition patients developed significantly fewer pneu- 
monias, abscesses (defined as JAA or EMP) or line sepsis 
(Table 4). Only one patient with line sepsis did not have 
a simultaneous pneumonia, IAA, or EMP, so that the 
addition of line sepsis increased the number of infected 
ENT and TPN patients by one in each group. Enteral 
patients sustained significantly fewer infections per patient 
than the TPN group (0.25 + 0.06 versus 0.71 + 0.14, p 
< 0.03) as well as significantly fewer infections per infected 
patients (1.08 + 0.08 versus 1.6 + 0.8, p = 0.04). Only 
three ENT patients developed more than one infection, 
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TABLE 4. Septic Morbidity 
Sepsis ENT TPN p 

Pneumonia 6/51 (11.8%) 14/45 (31%) <.02 
Intra-abdominal 

abscess 1/51 (1.9%) 6/45 (13.3%) <.04 
Empyema 1/51 (1.9%) 4/45 (9%) NS 
Line sepsis 1/51 (1.9%) 6/45 (13.3%) <,05 
Fasciitis/dehiscence 3/51 (5.9%) 4/45 (8.9%) NS 
Abscesses 

(intra-abdominal 

and/or empyema) 2/51 (3.9%) 8/45 (17.8%) <.03 
Pneumonia and/or 

abscesses 8/51 (13.7%) 17/45 (37.8%) <,02 


Pneumonia, abscesses, 


and/or line sepsis 9/51 (15.7%) 18/45 (40%) 


ENT, enteral; TPN, total parenteral nutrition. 


whereas 14 of 45 parenteral patients developed more than 
one infection (p = 0.02) (Table 5). All patients with fas- 
cutis/dehiscence had a simultaneous pneumonia or ab- 
SCeSS. 

If one considers only the presence of pneumonia, IAA, 
or EMP as a source of infection, ENT feeding has its most 
beneficial effect in the most severely injured patients, but 
has little effect in less injured patients (Table 6). No sig- 
nificant differences in infection rates were noted in patients 
with an ISS of 20 or less. Of patients with a high ISS 
(>20), five of 34 (14.7%) of ENT patients developed an 
infection versus 13 of 25 (52.0%) of the TPN group (p 
< 0.002); failure to administer ENT feeding to this pop- 
ulation of patients increased the risk of septic complica- 
tions by a factor of 6.3. In patients with an ATI > 24, use 
of TPN was associated with a sevenfold increase in the 
risk of infection, with an incidence of 11.1% (3/27) with 
ENT feeding versus 47.6% (10/21) with TPN (p < 0.005). 


In the 32 patients with both high ISS (> 20) and high ATI - 


(> 24), TPN usage was associated with an | 1-fold increase 
in the risk of infection, with a 15% infection rate (3/20) 
with ENT feeding versus 66.7% (8/12) with TPN feeding 
(p < 0.003). Patients with blunt injuries had higher in- 
fection rates if fed parenterally (6/10; 60%) than if fed 
enterally (3/6; 18.8%), with TPN feeding associated with 


TABLE 5. Frequency of Infections 


ENT TPN 
Number of 
Infections/Patient No. (%) No. (%) 
0 39/51 (76.5) 25/45 (55.6) 
] 9/50 (17.7) 6/45 (13.3) 
2 0 6/45 (13.3) 
3 0 4/45 (8.9) 
4 3751 (5.9) 3/45 (6.7) 
5 0 1/45 (2,2) 





ENT, enteral; TPN, total parenteral nutrition. 
p = 0.02. 
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TABLE 6. Frequency of Infections (Pneumonia, Intra-abdominal 
Abscess, or Empyema) After Stratification of Patients by 
Mechanism and Severity of Injury 


ENT TPN 

Variable No. (%) No. (%) Odds Ratio p 
ISS < 20 3/17 (17.7) 4/20 (20.0) 0.9 
ISS > 20 5/34 (14.7) 13/25 (52.0) 6.3 X <0.002 
ATI < 24 5/24 (20.8) 7/24 (29.2) 0.6 
ATI > 24 3/27 (11.1) 10/21 (47.6) 7.3 X <0.005 
ATI > 24 and 

ISS > 20 3/20 (15.0) 8/12 (66.7) 11.3 X <0.003 
Blunt 4/16 (25.0) 6/10 (60) 3.0 X 0.08 
Penetrating 4/35 (11.4) 11/35 G1.4) 3.6 X <0.05 


ENT, enteral; TPN, total parenteral nutrition; ISS, index severity score; 
ATI, abdominal trauma index. 


a threefold increased risk of infection, but this barely failed 
to reach statistical significance (p = 0.08). Enteral patients 
with penetrating wounds developed significantly fewer (p 
< 0.05) septic complications than did TPN patients, with 
the risk of infection increased 3.6 times in the TPN group. 
If infection is limited to pneumonia, JAA, or EMP, there 
was no difference between infected ENT and TPN groups 
in ATI (ENT: 30.6 + 4.6 versus TPN: 34.4 + 3.2) or ISS 
(ENT: 29.1 + 4.1 versus TPN: 32.9 + 2.9). 

Evaluating outcome by organs injured, significant dif- 
ferences in the infection rates between ENT and TPN 
were found in patients with pancreas or liver injuries (Ta- 
ble 7). There was no significant difference in infection 
rate with treatment in patients when stratified by colon/ 
rectal, kidney, stomach or duodenal, vascular, or splenic 
injuries, although both splenectomy and stomach injury 
approached statistical significance. 

Similar trends were noted in the patients excluded from 


previous clinical trials (Table 8). Twenty patients recruited 


had an ATI = 40 (n = 14; seven ENT, seven TPN), re- 
quired more than 25 units of blood during the first 24 
hours (n = 4; three ENT, one TPN), had a pelvic fracture 
requiring more than 6 units of blood (n = 3; two ENT, 


TABLE 7. Frequency of Infections (Pneumonia, Intra-abdominal 
Abscess, or Empyema) After Stratification of Patients by 
Individual Injuries 


ENT TPN 
Odds 
Injury No. (%) No. (%) p Radio 
Colon/rectum 3/21 (14.3) 5/17 (29.4) NS 
Stomach 4/16 (25) ` 9/16 (56.3)  <0.08 4.0 x 
Duodenum 1/3 (33.3) 4/8 (50.0) NS 
Pancreas 2/11 (18.2) 4/5 (80) <0.02 18.0 x 
Liver 3/21 (14.3) 14/29 (48.3) <0.02 5.6 X 
Spleen 0/5 (0) 3/6 (50) <0.07 2.0 X 
Kidney 3/9 (33.3) 3/8 (37.5) NS 
Vascular 2/12 (16.7) 2/8 (25.0) NS 


ENT, enteral; TPN, total parenteral nutrition. 
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TABLE 8. Demographic Characteristics and Outcome of Patients With 
ATI > 40, Blood Loss > 25 Units in the First 24 Hours, Pelvic 


Fracture With > 6 Units Blood Loss, or Reoperation Within 72 Hours 


ENT (n = 11) TPN (n = 9) p 
ATI 40.5 + 5.9 42.7 + 6.9 NS 
ISS . 22.9 + 2.8 29.7 + 3.9 NS 
Blunt injuries 3/11 2/9 NS 
Penetrating injuries 8/11 7/9 NS 
ISS > 20/< 20 6/5 12 NS 
ATI > 24/< 24 8/3 7/2 NS 


Blood (1st 24 hr) 
Biood (total) 
Bilirubin maximum 


15.3 + 3.8 units 11.6 + 3.5 units NS 
20.6 + 4.0 units 20.6 + 7.6 units NS 
2.3 + 0.8 mg/dL 4.6 + 1.8 mg/dL NS 


Length of stay 36.6 + 9.4 days 28.7 + 9.3 days NS 
Days on nutrition 12.4 + 1.6 22 £17 NS 
Colon injuries 7/11 4/9 NS 
Pancreatic injuries 3/11 4/9 NS 
Liver injuries 4/11 8/9 <0.03 
Septic morbidity 
Pneumonia 2/11! 5/9 NS 
Intra-abdominal 1/11 3/9 NS 
abscess 
Empyema 0/11 2/9 NS 
Pneumonia or abscess 
(intra-abdominal or 
empyema) 3/t1 7/9 0.07 
Infections/patient 0.4+0.2 L203 0.03 
Infections/infected 
patient 10+0 1.5 + 3.0 <0.01 


ENT, enteral; TPN, total parenteral nutrition; ATI, abdominal trauma 
index; ISS, injury severity score. 


one TPN), or required reoperation within the first 72 hours 
(n = 8; six ENT, two TPN). Although there were no sig- 
nificant differences in blood requirements, length of stay, 
days on nutrition, maximum bilirubin, or individual in- 
fections between the two groups (Table 7), three of 11 
ENT patients developed either a pneumonia, JAA, or 
EMP, versus seven of nine TPN patients; this almost 
reached statistical significance (p = 0.07) for this small 
group of patients. Patients receiving TPN experienced 
significantly more infections per patient and infections 
per infected patient. 

Enteral feeding was not risk free, and several compli- 
cations were directly related to this route. One patient in 
the ENT group required reoperation because of a small 
bowel obstruction at the jeyjunostomy site. This compli- 
cation was totally preventable and was caused by inap- 
propriate suturing of the jejunostomy up to the anterior 
abdominal wall so that the jejunal loop was reversed, 
causing a closed loop obstruction. Significantly more pa- 
tients developed diarrhea with ENT feeding than with 
TPN feeding (11/51 versus 7/45, p < 0.01). 


Discussion 


The ideal clinical study randomly assigns a homoge- 
neous population of patients to various treatment arms 


with prospective evaluation of outcome, excluding a few 


patients from the final data analysis. Although trauma 
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patients cannot be considered a homogeneous population, 
they have in common a hypermetabolic response to in- ` 
jury, acute deterioration in lean body mass, and a high 
rate of septic complications. In the present study, whether 
septic morbidity is defined as pneumonia, JAA, or EMP, 
ENT feeding improved the clinical outcome of multiply 
injured patients. 

We believe that the current prospective study provides 
conclusive evidence of the beneficial effect of ENT feeding 
in injcred patients. Only two patients enrolled in the study 
were s:ibsequently excluded from analysis because of early 
deaths. The randomized prospective methodology pro- 
duced groups comparable in age, severity of injury, 
mechanism of injury, and blood transfusions. One can 
argue that the ENT population was, in fact, the slightly 
more :njured group. Enteral patients had a higher per- 
centage of colon, pancreatic, and blunt injuries, as well 
as a greater number of patients with ISS > 20 and ATI 
> 24 or both. Despite this, the ENT population experi- 
enced significantly less septic morbidity, including fewer 
infections per patient and significantly fewer infections 
per infected patients. Only three of 15 ENT patients sus- 
tained multiple infections, whereas 14 of 45 TPN patients 
had two or more infections. Most of these septic processes 
were either pneumonia or abscess (EMP or JAA). Neither 
EMP nor pneumonia could be explained on the basis of 
chest tube placement because 19 of 51 ENT and 14 of 45 
TPN patients had chest tubes inserted soon after admis- 
sion. Empyemas developed in only four of the 14 TPN 
patients and none of the ENT patients with chest tubes, 
whereas pneumonias developed ipsilateral to the chest 
tube in four of the TPN group and two of the ENT group. 
Line sedsis was a significant problem, particularly in the 
TPN group, probably because of the prolonged insertion, 


because central lines in ENT patients were removed as 


soon as possible. All central catheters at our institution 
are multiple lumen, and previous work!*'? demonstrated 
a 20% sepsis rate when TPN is administered through mul- 
tiple-lumen catheters. Line sepsis had a minor impact on 
the ultimate rate of septic morbidity; five of six patients 
with line sepsis in the TPN group had a simultaneous - 
pneumcnia or abscess during the course of the study. 
There were no significant differences in length of stay, 
number of antibiotics, number of days on antibiotics, or 
ventilator days. One might expect shorter hospital stays 
and fewer antibiotic needs in the less infected ENT pop- _ 
ulation. Some of this may be related to the high incidence 
of blunt injuries in the ENT population, which prolonged 
hospital stays because of associated orthopedic and neu- 
rosurgical injuries requiring prolonged bed rest, skeletal 
traction, or delays in placement. Antibiotic days or num- 
ber of antibiotics were not different between the two 
groups Lecause of prophylactic administration for open 
fractures, orthopedic and neurosurgical invasive proce- 
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dures, and invasive intracranial monitoring. Because of 
the high incidence of prophylactic antibiotic coverage in 
noninfected individuals, no significant differences could 
be ascertained. 

“When the gut works, use it” 1s a commonly expressed 
dictum, but clinicians are often dissuaded by the diff- 
culties involved in providing ENT nutrition or the extra 
minutes necessary at the operating table to gain ENT ac- 
cess. Particularly in the intensive care unit population, it 
is easier to infuse nutrition through existing indwelling 
central lines than to deal with diarrhea, bloating, and fre- 
quent interruptions in feeding. This is reflected in signif- 
icantly less nutrients administered per kilogram body 
weight during the course of the study in the ENT popu- 
lation, although ultimate maximal rates were similar be- 
tween the two groups. It appeared it was not merely the 
amount of nutrition or NPC administered to the patient, 
but more importantly, the route through which the nu- 
trition was administered. Identical formulas cannot be 
given I.V. and enterally because the human GI tract can- 
not tolerate the hyperosmolar load found in TPN solution. 
Although some difference in amino acid profiles may exist 
between the two solutions, similar amounts of protein, 
carbohydrate, and fat were administered to both groups. 
Enteral and TPN feeding of identical solutions has been 
tolerated in animal models, and the beneficial effects of 
gut processing of nutrients in a population prone to septic 
morbidity seems well. supported by both laboratory and 
clinical experience. 

Although the explanations for beneficial effects of ENT 
nutrition are elusive, the first clue that ENT feeding might 
be important in the response to and recovery from infec- 
tious challenges appeared in a series of experiments from 
Sheldon’s laboratory, using a model of septic adjuvant 
peritonitis. Peterson, Sheldon, and Carpenter’® noted in- 
creased mortality rate with protein-calorie malnutrition 


as well as with I.V. feeding. In subsequent experiments,*” : 


Kudsk et al. noted that both malnourished and well- 
nourished animals pair fed identical nutrient solutions 
enterally and parenterally survived the septic peritonitis 
better when nutrients were given through the GI tract. At 
approximately the same time, Alexander et al.!’ dem- 
onstrated that burned children randomized to receive a 
normal protein or high protein ENT diet sustained fewer 
septic episodes and a lower mortality rate when receiving 
more ENT protein. Border et al.'® also correlated a re- 
duced rate of sepsis with increased ENT delivery of pro- 
tein. Moore et al. studied trauma patients randomized to 
early postinjury ENT nutrition compared with delayed’? 
or immediate!! I.V. nutrition support and also noted a 
higher incidence of IAA’® or pneumonia!! in the TPN 
group. A blunted acute phase protein response and higher 


levels of constitutive proteins also occurred during ENT- 


feeding.’ In a meta-analysis of several smaller, randomized 
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prospective studies of ENT versus TPN feeding, Moore 
et al.!? found that blunt trauma patients fed enterally ex- 
perienced the most significant reduction in septic com- 
plications, a finding consistent with our data, although, 
in addition, our study demonstrated a lower incidence of 
septic complications after penetrating trauma. 

To understand potential mechanisms, laboratory stud- 
ies have focused on changes in mucosal structure, per- 
meability to bacteria and toxins, gut immunology, and 
bacterial colonization. In rats, starvation”? and LV. 
feeding*! produce dramatic histologic changes, primarily 
in the proximal intestinal mucosa, with loss of villus 
height, cellular proliferation, mucosal protein, and overall 
mucosal mass. Mucosal permeability to macromolecular 
markers increases with I.V. feedings”? and starvation.” 
The gut mucosa, however, remains an effective barrier to 
intraluminal bacteria after starvation unless an inflam- 
matory stimulus is simultaneously administered.” A small 
amount of ENT feeding quickly reverses this barrier de- 
fect.” The gut barrier is permeable to bacteria with I.V. 
TPN® unless the I.V. nutrition is supplemented with a 
specific gut fuel, glutamine.”° Glutamine attenuates mu- 
cosal atrophy in TPN rats, although the mucosal thickness 
is still significantly less than that achieved with normal 
ENT nutrition.?’ Because glutamine released by skeletal 
muscle increases significantly with stress and sepsis, Wil- 
more et al.?? postulated this as an endogenous protective 
mechanism to support the fasted gut. 

Route of nutrient administration affects GI immuno- 
logic barriers. Parenteral feeding decreases biliary con- 
centrations of secretory immunoglobulin A, with recovery 
occurring in animals fed enterally?? but not in those fed 
parenterally, unless the I.V. TPN was supplemented with 
glutamine.*° Others have noted that depressed in vivo 
lymphocyte responses after femur fracture in rats recovers 
with ENT but not with I.V. feeding.*° 

Despite the proliferation of laboratory data, changes in 
GI tract integrity to bacteria has not been proven in clin- 
ical experience. Although mesenteric lymph nodes do 
contain viable bacteria after bowel obstruction,?! and gut 
permeability to lactulose and mannitol measured by uri- 
nary excretion increases after acute? and chronic? burns, 
Moore and colleagues** could not demonstrate bacterial 
translocation in the portal vein of trauma patients in 
whom portal vein catheters had been inserted for sequen- 
tial blood sampling. This may be a problem of sampling 
site because translocation primarily occurs through the 
lymphactics, which could allow bacteria to pass through 
the thoracic duct and be cleared by the pulmonary vas- 
culature, resulting in an increase in pneumonias; no data 
currently exist that test this hypothesis. Positive blood 
cultures occur after hemorrhagic shock, but there 1s poor 
correlation with the subsequent development of septic 
complications.*° 
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Enteral nutrition is not without risk, and complications 
ranging from abdominal distension**”’ to frank necrosis’? 
have been reported, In the current study, patients received 
fewer calories through the GI tract and developed more 
diarrhea, documenting the difficulty in providing an 
“ideal” amount of ENT nutrition. In addition, one patient 
required re-exploration when the jejunostomy had been 
constructed, folding the small bowel back on itself and 
causing a closed loop obstruction. 

The cause of increased infection in our TPN group is 
multifactorial, and we can only speculate that ENT feed- 
ing improves the status of the gut immune system, restores 
normal gut architecture and microflora, and aids the mu- 
cosa in withstanding challenges to these systems. It is un- 
clear, in fact, whether ENT feeding improves the rate of 
septic morbidity or whether TPN itself causes an increase 
in septic complications. In the recent Veterans Admin- 
istration cooperative study? of malnourished patients 
randomized to perioperative nutrition versus early surgery, 
a significant increase in septic complications, including 
pneumonia and line sepsis, occurred in patients with a 
mild or moderate malnourished state who were random- 
ized to perioperative TPN. Müller et al., in a randomized 
prospective study of perioperative nutrition in patients 
with cancer, dropped a third arm of therapy in which 
. patients received TPN with 50% of NPC as I.V. fat because 
of an unusually high rate of septic complications. These 
studies suggest that I.V. feeding may increase susceptibility 
to the development of infection. 

Although the explanation is unknown, there appears 
to be little doubt that ENT processing of nutrients provides 
some beneficial effect when compared with TPN, at least 
in the more severely injured (ATI = 24 or ISS > 20) pa- 
tients. Many of the less injured patients would have re- 
covered with no complications even without nutrition 
support. Because of strong sentiment for some nutrition 
in our patient population, we could not justify random- 
ization to a nonfed group in this protocol. This may or 
may not be defensible, particularly in patients with an 
ATI < 24 or ISS < 20. Further protocols investigating 
mechanisms might be limited to only those patients with 
more severe injuries. 

In summary, it is as yet unresolved whether ENT feed- 
ings make things better, parenteral feedings make things 
worse, or both, but clinicians should not ignore ENT ac- 
cess at the initial operation and feeding because the price 
paid is an increase in septic complications. Whether no 
nutrition produces results superior to TPN, or equal or 
superior to ENT feeding, is unknown. Mechanisms have 
yet to be defined, but the principles appear to be well 
supported: obtain ENT access at the time of surgery to 
assure an opportunity for ENT delivery of nutrients, par- 
ticularly in the most severely injured patients. 
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DISCUSSION 


Dr. J. DAVID RICHARDSON (Louisville, Kentucky): Drs. Bland and 
Jones, I apologize for rising again. I think it is an excellent study that 
Drs. Kudsk and Fabian and their associates have done. When Ken asked 
me to discuss it, I told him that he should know I was basically skeptical 


of this whole concept and that perhaps it might be better to get somebody © 


else. And he said, “Well, it might be good to have at least one skeptic.” 
I have read the paper, and I think one cannot help but be intrigued by 
what certainly looks like a very strong association toward decreased in- 
fections with enteral feeding, or at least the converse of increased infections 
with total parenteral nutrition (TPN). Such data would support other 
papers on the subject, such as that by Moore and Moore from Denver, 
and would fit nicely into the experimental work, I guess, on bacterial 
translocation if one is inclined to believe in that entity. Dr. Neal Garrison 
of our institution has done some superb work in his laboratory in which 
he has shown that enteral feeding increases mucosal blood flow and, 
therefore, increases hepatic blood flow. Certainly, that would have theo- 
retical benefits in dealing with patients who have the potential for sepsis. 

I do believe, however, that we must analyze these data very carefully 
before we accept the premise that every patient with a potential major 
injury should have a jejunostomy tube put in at the time of initial op- 
eration. There are a lot of things that do not make sense to me from my 
experience in taking care of patients who are fed by a variety of methods; 
I cannot clinically ever tell the difference in who is going to have infection 
and who is not. I guess I am not convinced that there are sufficient data 
with most trauma patients to say that we can really prove that any nu- 
tritional support is really necessary. If one looks at the pneumonia prob- 
lem, in the manuscript, the authors say that they dealt with the problem 
of the confusing chest x-ray by eliminating patients who had pulmonary 
contusion and atelectasis. Quite simply, I do not understand how you 
do that. Every day when I look at patients who have fuzzy-looking chest 
x-rays, 1I do not know whether they have contusion, fluid overload, or 
pneumonia. At the patient’s bedside, determining who has pneumonia 
and who does not is an extraordinarily hard call. If you change two 
patients either way, 14 versus 6, you get an NS there instead of a 0.02, 
and you did not get on the program. 

Secondly, line sepsis was a major problem. The authors made a point, 
however, that clearly the patients with TPN are most likely to get line 
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sepsis, and that seems intuitive. I think we need to think about the fact 
that perhaps it is the line sepsis inducing other infectious problems. Pa- 
tients who, once they develop a line sepsis, seem to then develop other 
surgical types of infection. 

Thirdly, I just wonder why enteral feedings would decrease the inci- 
dence of empyema or fascitis? Even if one believes in bacterial translo- 
cation and believes that increased mucosal blood flow is important, why 
would that make the incidence of fascitis and empyema different? It 
would seem to me that a much more logical explanation would be the 
inclusion of a few critically injured patients in one group versus another 
— and this is a small series of patients — or the fact that one chest tube 
maybe did not drain the hemothorax quite as well. I would be much 
more likely just to tote those things up to the vagaries of clinical practice 
that we all see in taking care of seriously injured patients. In that most 
severely injured group of patients, which this study does nghtly address, 
I think the authors noted an 11-fold difference in septic complications 
between the two groups: 3 of 20 in the enteral; 8 of 12 in the TPN. We 
have already talked about pneumonia and line sepsis, and again a dif- 
ference of two or three in a group certainly sometimes could be introduced 
just by bias even, clearly an unintentional bias, would make that “no 
difference.” 

I certainly commend the authors on what I think is a good paper, one 
that fits well with other reports in the literature. But based on clinical 
experience, I still am not ready to say that every patient who has a serious 
injury ought to have a J-tube put in, because we clearly find significant 
jejunostomy complications in our unit. Small bowel obstruction here 
and there, a tube that gets pulled out of the bowel with resultant peritonitis, 
diarrhea commonly causing dehydration. Occasionally, in elderly patients, 
we have seen dead bowel as well. 

Finally, neither group had an ultimate improvement in survival. The 
authors talked a lot about comparative costs but did not fook at all 
factors related to cost, such as nursing time in changing the beds because 
of increased diarrhea or keeping the enteral feeding tubes open. These 
are complex issues that must be carefully evaluated. Thank you. 


Dr. LEWIS M. FLINT, JR. (New Orleans, Louisiana): Thank you, Dr. 
Bland. Based on some comments that have been made from this platform 
this afternoon, I feel compelled to point out that the gentleman on my 
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far left is not Dr. Carroll Scott Conner of Jackson, Mississippi, nor is it 
Dr. H. William Scott of Nashville, Tennessee, but he is in fact our Sec- 
retary, Dr. R. Scott Jones. Based on what I have heard this afternoon, 
it seems to me the audience needs to be aware of that. 

Well, on to the discussion of this study, which in my opinion emanates 
from one of the really first-class trauma research units in this country. I 
want to believe it, I honestly do, Ken. But I must say that, based on my 
experience, I remain skeptical. And I would like to ask a few specific 
questions. 

First of all, you have achieved a success rate with enteral nutrition, 
which I do not think has been achieved in any other unit of which I am 
aware. Two patients of nearly 50 with a lack of toler nce of the enteral 
feeding is a feat that we have not been able to achieve in several years 
of trying. I am not sure why enteral nutrition should lower the rate of 
pneumonia. Perhaps tt is that enteral nutrition alters the bacteriology of 
the intestine, which we believe is associated with the frequency of pneu- 
monia. And I would ask, do you have any data that would look at the 
bacteriology of the stomach or the hypopharynx in your patients who 
had enteral nutrition versus total parenteral nutrition (TPN) to see if 
there was any difference there? I think you would have to acknowledge 
that the numbers in the groups are somewhat small to draw any specific 
conclusions, and perhaps the best thing that can come out of this is to 
stimulate a group of interested trauma investigators to do a multicenter 
study that would really address this problem. 

We are more likely to be aggressive about the placement of the trans- 
nasal duodenal tubes for nutrition in our trauma patients, and we have 
found that this works pretty well and avoids the problem of having a 
surgically placed jejunostomy. 

With regard to the jejunostomy, I would like to ask, how the tube was 
managed in the patients who had TPN? The ideal control would be the 
administration of a non-nutrient solution by the jejunostomy tube in 
those patients who were getting TPN. There are some data, if you once 
again believe the translocation studies, that simply flushing the bowel 
out with a solution and moving those bacteria into the bedpan, as opposed 
to letting them stay in the bowel, might reduce some of the morbidity 
that we see regarding bacterial overgrowth. 

I enjoyed the paper. I think it is very provocative. I honestly believe 
that with a little more confirmation, you might convert Dr. Richardson 
and me. And I congratulate you on a fine effort. 


Dr. J. ALEX HALLER, JR. (Baltimore, Maryland): Dr. Bland, Dr. Jones, 
Ladies and Gentlemen. Dr. Fabian, I rise not as a skeptic but as a believer, 
because I think this represents, if I understand you correctly, another 
demonstration of the importance of translocation in the bowel that does 
not have enteral feeding. We certainly see this in babies who are not fed 
initially enterally; they develop septic complications much more fre- 
quently. And interestingly enough, that appears to be the main source 
of their infected total parenteral nutrition lines, namely, bacteria from 
the gastrointestinal tract. And so J think it is not too far amiss, Dr. 
Richardson, Dr. Flint, that even empyemas and pneumonias might be 
coming through the bloodstream from the gut. 

But I would like to ask you whether you have done any bacteriologic 
studies of the bloodstream in these patients to see if they have positive 
blood cultures during the period that they are developing sepsis. 

Finally, it seems to me that the use of jejunostomy is aggressive. Why 
not use a nasogastric or a nasal duodenal tube, especially in those patients 
who do not require operative intervention, those who are being treated 
nonoperatively, particularly those with blunt trauma, which I saw in 
your series were approximately 25% of the patients. I do not know how 
many of them required operative intervention, but it would seem to me 
heroic to carry out a jejunostomy if that was the only reason for opening 
the abdomen. Why not use nasal duodenal feedings, but to achieve the 
same purpose, namely, to feed the gastric and duodenal and small in- 
testinal mucosa? I would be interested in your comments. Thank you. 


Dr. JOSEF FISCHER (Cincinnati, Ohio): Dr. Bland, Dr. Jones. This is 
an interesting and provocative paper, and I rise to discuss several aspects 
of it, some of which are interesting particularly to me, and to ask a few 
questions. 

First of all, Dr. Alexander did not correct the allusion to the paper 
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that he published and presented before the American Surgical in which 
the operant difference between the two groups was the amount of protein. 
It turned out in retrospect that the group that had 25% protein instead 
of 15% protein got slightly more of their nutrition enterally than par- 
entera_ly, and this led to, I think, his work on translocation. 

It isinteresting to me that we have done a large number of studies in 
enteral and total parenteral nutrition (TPN) and have never really detected 
any major difference in outcome regardless of the site of the study or 
nitrogen balance. The hypothesis that one is better or the other was 
worse would probably be better restated that most physicians and surgeons 
interes-ed in nutritional support would suggest that if you can nourish 
a patient using the gastrointestinal tract, you do so, and only under 
carefuLy controlled circumstances when you fail to have the gastroin- 
testinal tract operant is parenteral nutrition indicated. 

Now it is interesting that there are two areas in which you saw the 
differer.ce in increased sepsis: one was liver injury, and the other was 
pancreas injury. Tom Goodgame, when I was still in Boston, and Harry 
Sax in Cincinnati, each independently studied early parenteral nutrition 
of patients with pancreatitis. In both studies there was an early increased 
inciderce of line sepsis and other infections, specifically in patients with 
pancreetitis, only in patients with pancreatitis, at a time when the general 
line sersis rate was running about 1.8%. There may be something specific 
about injuries to the pancreas and pancreatitis and TPN. Mike Nussbaum 
of our aboratory has attributed this to prostaglandin E, activation and 
suppression of immunologic function. This appears to occur only within 
the first week, and then it seems to subside. There may be something in 
those particular data. 

] am a little troubled with the horrendous incidence of line sepsis. To 
my calculation, it is someplace between 13% and 16%. This is excessive 
in any anit under any circumstances. And so I wonder whether or not 
one of the operant mechanisms here is whether or not these patients get 
sick with line sepsis, very much as David Richardson suggested, and 
then as he line sepsis goes on, they then become prey to other nosocomial 
infectioas. And [ would like to ask you, what do you think is the average 
time in which lines were infected before detection and pulling of the 
line? In a patient who is severely injured, in an intensive carte unit in 
which tke source of infection may not be obvious, line sepsis can smolder 
for a number of days, during which time the patient’s condition may 
deteriorate. 

And - also would like to ask about Alex Haller’s questions about what 
infections were in the lines. Third, just a comment on diarrhea. I notice 
your diarrhea incidence was about 22%. And I do not know whether 
you conzider that a complication. But with severe diarrhea of tube feedings 
in our cwn situation when we have tried to do comparative studies be- 
tween eateral and parenteral nutrition, we have had some very serious 
complications in patients with enteral nutrition. So I would just close 
by sayizz that I think the two measures of nutritional support are com- 
plementary. I do not think there is one way of doing it; they each have 
their prcblems. But I do think that when you do TPN, a line sepsis rate 
of abou- 13% really needs to be examined very carefully. Thank you 
very much. 


Dr. EENNETH A. KUDSK (Closing discussion): I want to thank ev- 
erybody for their kind comments. I also have had a lot of questions 
about things like bacterial translocation and bacteria coming from the 
gastroin estinal (GI) tract when we do not feed our critically ill patients. 

The question has come up about giving no nutrition to some of these 
patients. We talked about this at some length before entering into the 
protocol There have been other people that have tried to do this and to 
get a contro) group with no nutrition. We did not believe that that was 
ethically correct. But after looking particularly at the populations of pa- 
tients w20 had the low injury severity score and the low abdominal 
trauma immdex, that may not be appropriate. But that is why we thought 
that all patients should be randomized. And just as Dr. Moore was crit- 
icized for delaying intravenous (IV) nutrition in his first study, we believed 
we needed to start both therapies simultaneously. 

The question has come up about pneumonia and sepsis. And diag- 
nosing fneumonia can be very, very difficult, as all of you know. In 
most patients, it is really pretty obvious. You see someone who has a 
socked-in left lower lobe, you perform a bronchoscopy, and you find 
pure pus there, and they have a fever, a leukocytosis, and respond to 
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antibiotics, there clearly is no doubt that that patient had pneumonia. 
And 80% of the patients in this study were very easy to diagnose. The 
other 20%, however, were very difficult. These cases were reviewed by 
physicians who were blinded to therapy. X-rays were sometimes reviewed, 
and the chart was reviewed in terms of response to antibiotics without 
those physicians knowing which group they were in, and the decision 
was made as to whether they were infected or not, and we lived with 
that diagnosis. I do not know any other way in which we could have 
handled that problem. 

The question has come up from a number of authors about the line 
sepsis and whether line sepsis perhaps was causing the pneumonia. You 
have to realize that only 50% of people who developed subsequent pneu- 
monias had had a line sepsis. We watched the lines very carefully; they 
were changed every 3 days over a guidewire, and sent for culture. And 
so it is unlikely that there were long periods that these people could have 
been continually seeding their lungs or other organs from an infected 
line. 

I do not think that there is any effect, Dr. Richardson, on either nec- 
rotizing fasciitis or on empyema. In fact, there was no significant difference 
in fasciitis between groups. If you look at the data very closely, the em- 
pyemas that developed were for the most part associated with the de- 
velopment of a pneumonia. There was one patient in the enteral group 
and two people in the parenteral group who developed empyemas but 
did not have a stmultaneous pneumonia, so I suspect it is just a more 
virulent process. And in fact if you look at empyemas, there was only 
one patient who did not have a simultaneous pneumonia or an intra- 
abdominal abscess who had an empyema. In regard to pneumonia and 
the number of infections and how close we are to statistical significance, 
two patients here or there, we were also statistically significant with ab- 
scesses-——intra-abdominal and intrathoracic. Very significant. Pus is pus. 
And I think that there is an effect of nutrient administration that we 
cannot ignore. 

Dr. Flint, you commented on the success that we had had with enteral 
nutrition. My colleague, Dr. Brown, had published a number of years 
ago that if you have a member of your service who really wants to make 
enteral nutrition work, you can make it work. And I think that because 
we had the cooperation of the nutrition support service, together with 
me making rounds the majority of the days on these patients, that we 
were able to work through problems, If one thinks that nutrition support 
through the gut is unsuccessful if you do not get up to 1.5 g protein and 
30 kcal/kg, essentially 100 percent of what their needs are, enteral feeding 
is almost always going to be unsuccessful in most patients. Fifty per cent 
of patients tolerate it without any problems. Now, in 10% of patients 
you have a lot of problems, but it is the other 40% that you need to play 
with, cut their rate down, go up with it; I think that is reflected in the 
fact that the total amount of nutrition given to the enteral grcup was 
significantly less during the course of the experiment. But if you looked 
at the maximal rates that these people received, they were very com- 
parable. It took us longer to get to the maximal rate with the enteral 
group. But still it is a matter of working with it, and I am satisfied if I 
can get two thirds of the calculated requirements, through the GI tract. 
If that is as high as I can go, I will be satisfied with that, and I do not 
give intravenous nutrition. The cutoff for failure to tolerate as defined 
in the manuscript was if they were not receiving at least 50% of their 
calculated rate within 7 days, they were considered a failure. A lot of 
these patients received 65% to 85% of their energy requirements. 
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A point was brought up by Dr. Flint about the lower rate of pneumonia 
and perhaps feeding with a nasoenteric or nasoduodenal tube. That also 
was brought out by Dr. Haller. This may be very site specific, We have 
the sucralfate study, which is being analyzed, in which it appears that if 
we try to deliver the nutrition into the stomach, that there appears to be 
a higher rate of infection. This seems to be critical, that you deliver the 
nutrients beyond the ligament of Treitz. And I think any one of us who 
have tried to do nasoduodenal feedings know that within a day or 2 
those things often flip back into the stomach, and if we have made a 
serious commitment to taking a nasoduodenal tube and getting it beyond 
the pylorus, we are talking about repeated endoscopies on these patients 
to get it into that anatomic position. 

So I think the principle here is that we have an opportunity at the 
operating table to get access to the GI tract; that is the time we need to 
cannulate the GI tract because we cannot depend on nasoenteric tubes. 

How did we manage the jejunostomy tubes that were not being fed? 
They were just flushed with normal saline three times a day. After the 
first 40 patients, once they developed infections, then we switched them 
over to immediate enteral feeding. We considered them a failed TPN 
patient. 

I have commented on the line sepsis. Except to say that line sepsis in 
an intensive care unit (ICU) population that had multiple-lumen catheters 
is associated with a much higher rate of sepsis than use in a patient who 
has an inviolate line for TPN. 

There were two studies that Dr. Fabri and I performed when we were 
at Ohio State in which we randomized patients to two single-lumen 
catheters versus a double-lumen catheter or a triple-lumen catheter versus 
two single-lumen catheters. And in those situations, the rate of sepsis in 
the ICU population was about 20%. I think what this reflects is the kind 
of patients that we are dealing with in the ICU, manipulation of those 
lines and the chance of them getting infected increases. By and large the 
lines were infected with Staphylococcus sp. The bacteriology that we 
obtained from the pneumonias were very characteristic of the typical 
pneumonia: Enterobacter or Aerobacter aerogenes, some Pseudomonas, 
and a lot of Staphylococcus in our institution. 

As for the question about diarrhea, it is a significant problem. It oc- 
curred in 25% to 30% of the patients. We have solved that problem now. 
We use a fiber-containing diet, which you can give by needle catheter 
jejunostomy, and have really cut down on the incidence of diarrhea 
using that. Definition is important — if someone has a semiformed stool, 
that’s not diarrhea, even if it’s five or six times a day. Diarrhea that 
caused a continuously wet bottom needed therapy to avoid breakdown 
of skin. What we did is we cut back on the rate of nutrient administration, 
down to 75 mL/hour, and managed them with that amount. I think that 
answers most of the questions. 

I would particularly like to Dr. Fabian for his excellent presentation, 
and my colleagues Dr. Minard and Dr. Croce for recruiting patients into 
the protocol. I would like to thank the Association for allowing me to 
present the data. I am really sorry that Dr. Sheldon was not here today. 
He is the gentleman who, 12 years ago when I was in his laboratory, 
gave me an opportunity, as we talked about earlier in the study, to look 
at enteral versus parenteral feeding. And he really is the one who first 
introduced this topic and suggested that potentially there is a benefit 
that our patients get when we deliver nutrients through the gut that we 
do not get when we feed these patients intravenously. And I am sorry 
he was not here to hear this study today. Thank you very much. 
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Intraoperative transcranial Doppler monitoring of cerebral isch- 
emia during carotid clamping under general anesthesia was done 
in 238 carotid artery operations, mostly endarterectomy. De- 
pending on the severity of reduction of middle cerebral artery 
mean velocity, patients were classified as no, mild, or severe 
ischemia at clamping. With a carotid shunt. velocity was always 
in the “no ischemia” category during shunting. For patients with 
no ischemia, stroke was significantly lower without a shunt (2/ 
175 no shunt versus 2/12 shunt). For mild ischemia, shunting 
did not affect the stroke rate (1/20 no shunt versus 0/9 shunt). 
For severe ischemia, strokes were less frequent with a shunt (4/ 
9 no shunt versus 0/13 shunt). Intraoperative electroencepha- 
logram predicted most, but not all severely ischemic cases. Ca- 
rotid back pressure correlated with Doppler velocity, but trans- 
cranial Doppler was more helpful. Transcranial Doppler is a 
new and valuable technique in carotid surgery. 


AROTID ENDARTERECTOMY HAS proven value 

in prevention of stroke in some groups of patients 

with atherosclerotic plaque of the intracervical 
carotid artery. Perioperative stroke has been reported to 
occur in 1% to 21% of cases, depending on the center and 
indications for surgery.'* Some authors declare that some 
of these strokes are due to cerebral ischemia during the 
time of temporary carotid artery occlusion for the end- 
arterectomy, but others ascribe perioperative stroke to 
embolism of plaque or thrombus during the exposure of 
the artery, and after reflow. The purpose of this study is 
to determine whether transcranial Doppler assessment of 
intracranial blood flow during carotid endarterectomy al- 
lows effective detection of cerebral events resulting in 
stroke, and whether this information can reduce the risk 
of stroke. 
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Methods 


Patients undergoing carotid surgery requiring clamping 
of the carotid artery underwent monitoring of transcranial 
Doppler (TCD) velocity in the middle cerebral artery 
(MCA: during surgery. A total of 238 operations at Uni- 
versity of Alabama at Birmingham Medical Center and 
Birmirgham Veterans Administration Hospital were 
monitored. Two hundred thirty-one of the procedures 
were cérotid endarterectomies, but seven had other carotid 
artery procedures requiring similar clamping for a similar 
time interval, including four carotid-subclavian bypasses 
and two carotid artery resections with replacement for 
tumor or tortuosity, and are included in this series. Of 
the patients considered for this study, an additional 26 
operative procedures are not reported, because before op- 
eration a good MCA signal could not be obtained, usually 
because of temporal bone thickness. 

Mean age was 66 years (+9). Seventy-six per cent were 
male. Twenty-one patients had staged bilateral carotid 
endarterectomy, reported here as two separate operations. 
The indication for endarterectomy surgery was asymp- 
tomatic severe stenosis (greater than 80% area narrowing) 
in 27%. and symptomatic stenosis (previous transient 
ischemic attack or stroke) in 73%. Four patients had a 
fixed st-oke before operation. No patient had stroke in 
evolution as an indication for surgery. 

All operations were done with general anesthesia using 
nitrous oxide and isoflurane. A radial artery cannula was 
used foz monitoring of systemic blood pressure. Many 
patients had preoperative oral antiplatelet agents. During 
the operation, heparin, 75 to 100 U/kg, was given before 
clamping. Sometimes, an additional dose of 1000 to 2000 
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units was given if clamp time exceeded 30 minutes. Av- 
erage clamp time was 23 minutes (range, 5 to 87). 

Most operations were monitored with 10-lead electro- 
encephalogram (EEG), and intraoperative continuous as- 
sessment of all channels by an EEG technologist with su- 
pervision by a neurologist. In many cases, intraoperative 
digital subtraction angiography was done before closing 
the incision, to assess the technical result. Most appeared 
satisfactory, but in two cases, the artery was re-explored 
for a technical defect, one at the internal carotid endpoint, 
the other for an occluded external carotid artery, which 
was corrected by a limited endarterectomy through an 
external carotid artertotomy. Patches were used at the 
discretion of the surgeon, with no consistent policy among 
the five surgeons. One surgeon routinely patched all ca- 
rotid arteries with Dacron, another selectively patched 
some with saphenous vein 1f a smaller than normal in- 
ternal carotid had been incised, another selectively used 
polytetrafluoroethylene patches, and another never used 
a patch. 

Decision on use of a shunt depended on the choice of 
the surgeon, and generally reflected the controversies in 
this field in the larger community of all carotid surgeons. 
Some of the surgeons never shunted, but another used a 
shunt for EEG changes. One surgeon routinely used a 
shunt in nearly all carotid operations. In the first years of 
the study, the relevance of low TCD velocity was un- 
proven, so TCD data were not used in determining 
whether to insert a shunt, but in more recent times, with 
assessment of the data, more patients with TCD ischemia 
have had shunting. For this study, shunting is defined as 
insertion of a temporary internal carotid artery shunt with 
<4 minutes’ total ischemic time during the operation. 

Transcranial Doppler was monitored with an EME TC 
2-64 (Eden Medical Electroniks, Uberlingen, Germany) 
or Medasonics (Medasonics Corp., Fremont, CA) instru- 
ment, as we have previously described.? This is a range 
gated pulsed wave Doppler with 2-MHz transducer at 
power of 1000 mW/cm?. The transducer is secured to the 
scalp with adhesive dressings, and protected from motion 
with a plastic housing. The pulsed system allows selection 
of the depth of measurement, with the MCA in this series 
located at a mean depth of 48 mm (range, 35 to 55). 

At the discretion of the surgeon, some patients also had 
measurement of carotid stump pressure. After heparin- 
ization, this was done with an 18-gauge, 1-inch needle in 
the common carotid artery. Ifthe bifurcation stenosis was 
nearly totally occlusive, then the stump pressure catheter 
was inserted directly into the internal carotid artery. 

All patients had complete neurologic examination on 
awakening, then periodically during the hospitalization. 
For this study, patients who had a neurologic deficit per- 
sisting for over 24 hours after the surgery are classified as 
having sustained a stroke. 
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Results 


Three patients died within 30 days after surgery, for a 
mortality incidence of 1.3%. Two deaths were consequent 
to stroke; one was due to myocardial infarction. Nine 
strokes occurred, two in the shunted group of 34 patients 
(5.8%), and seven in the 204 patients without a shunt 
(3.4%, p = nonsignificant). 

In Figures 1 and 2 are representative TCD tracings dur- 
ing operative procedures. In those cases with severe 
depression of the MCA velocity after clamping, a large 
increase in velocity was noted 1f a shunt was inserted. For 
unshunted patients in the group of patients classified as 
severe ischemia after clamping, average mean velocity at 
clamping was 2% of baseline (+4%). In shunted cases with 
severe ischemia at clamping, mean velocity averaged 3% 
(+5%) at clamping, and 76% (+22%) after insertion of a 
shunt. In all cases where a carotid shunt was inserted, the 
mean velocity during shunting was in the “no ischemia” 
category (>41% of baseline), no matter whether the pre- 
shunt velocity indicated no ischemia, mild ischemia, or 
severe ischemia. 

One hundred eighty-seven cases (Table 1) were classified 
as having no ischemia during clamping (mean velocity 
> 41% of baseline). Of these, 12 were shunted, one of 
whom suffered a stroke, evident on awakening, and an- 
other developed severe disability 2 hours after awakening 
from anesthesia that on re-exploration was found to be 
due to platelet thrombosis of the carotid artery. A mild 
EEG change had occurred in this case at clamping. The 
stroke rate for shunted cases with no Doppler ischemia 
was 17%. One hundred seventy-five had no shunt, of 
whom 1.1% sustained perioperative stroke, both due to 
cerebral hemorrhage. One of these had hyperemia by in- 
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Fic. 1. Carotid endarterectomy. Shunt not used. Artery clamped at 40 
min, resulting in no ischemia (MMV > 41% of preclamp level). 
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FIG. 2. MCA Doppler velocity (MV). Severe ischemia at clamping time 
(130 min on X-axis), relieved by shunt. Ischemia again at 180 min when 
shunt is removed. Patient had severe EEG changes coincident with the 
times when MV = 0. MABP, arterial systemic mean pressure. 


tracranial Doppler in the operating room, the other had 
hemorrhage on the fifth postoperative day. In procedures 
with no ischemia by intracranial Doppler, the lower stroke 
rate when a shunt was not used is statistically significant 
to p < 0.022. 

Twenty-nine cases were classified as mild ischemia. 
Nine were shunted with no strokes, and 20 were not 
shunted, with stroke in one case (5%), due probably to 
spontaneous occlusion of the stenotic carotid artery before 
clamping, early in the anesthetic course, with unrecog- 
nized EEG changes. 

Twenty-two cases were classified as having severe isch- 
emia at clamping (mean velocity < 15%). Thirteen were 
shunted, with no strokes. Nine were nct shunted (includ- 
ing one case where a shunt was actually inserted, but a 
very high ischemic time of 6.5 minutes with MCA flow 
of zero still occurred because of technical difficulties of 
the operation). In the unshunted category, there were four 
strokes, for an incidence of 44% (p < 0.0173 for shunt 
compared with no shunt). 


TABLE 1. Rate of Perioperative Stroke 


Stroke 
Shunt See 
Ischemia V Status No. No. (%) 
None >41% Shunt 12 2/12 (17) 
p < 0.03 No shunt 175 2/175 (1.1) 
Mild 16-40% Shunt 9 0/9 (0) 
p = NS No shunt 20 1/20 (5) 
Severe 0-15% Shunt 13 0/13 (0) 
p < 0.02 No shunt 9 4/9 (44) 


Fisher’s exact test. 
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Electroencephalogram was not recorded in 13 cases, 
and i: two additional cases the EEG was suppressed by 
deep anesthesia with supplemental barbiturate at the time 
of clamping to the level of suppression burst anesthesia. 
In 181 procedures, there was no change in EEG at the 
time ¿f clamping. For these, the mean velocity averaged 
70%. af the immediate preclamp level +24%. For the 28 
cases with mild EEG changes, mean velocity (MV) was 
51% = 30%, and for 22 with severe EEG change, 10% + 
13%. Five cases had severe ischemia by intracranial 
Dopplr, but no abnormality of the EEG. Two of these 
had strokes. Neither was shunted. 

Trenscranial Doppler velocity during the period of ca- 
rotid clamping generally increased mildly during the first 
5 minutes of occlusion (Fig. 3), but after this did not vary 
by much. For the unshunted cases, there was no corre- 
lation of clamp time with severity of Doppler ischemia, 
or with occurrence of stroke. 

Of =he 22 cases of severe ischemia at clamping of the 
carotiz, the EEG did not change in five. Two of these had 
persisting neurologic complications. One was mild; one 
was severe and ultimately fatal. In neither of these was a 
shunt used. In patients sustaining perioperative stroke, 
TCD sill returned essentially to baseline levels at the end 
of the clamp time. This suggests that the strokes were 
ischemuc in origin, rather than embolic, where a persistent 
low ve_ocity would be expected. 

There was a positive correlation of TCD velocity after 
clamping and absolute carotid back pressure (Fig. 4). All 
cases with severe ischemia by TCD had stump pressure 
below 40 mmHg. Many unshunted cases with low stump 
pressure, however, had resolution of the severe TCD isch- 
emia within 5 minutes after clamping (Fig. 3). 

On =reoperative arteriogram, 33 cases had contralateral 
carotid occlusion. Of these, 14 had no ischemia by TCD 
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FiG. 3. Velocity immediately after clamping correlates with velocity 5 
min later. but some cases with zero flow spontaneously increased to no 
ischemia without a shunt. 
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Fic. 4. MCA mean velocity as percentage of preclamp level. Lower stump 
pressure correlates with lower mean velocity after clamping. 


on clamping. Eight had mild ischemia, and there were 11 
with severe ischemia. Severe ischemia was therefore more 
likely if the contralateral carotid artery was occluded. 
There was no correlation of nonocclusive contralateral 
stenosis with TCD results. 

Transcranial Doppler had value in management of 
other complications. Sometimes hyperperfusion was 
noted, occasionally followed by cerebral hemorrhage. Five 
per cent of procedures had mean velocity after declamping 
greater than twice the preclamp level. One of these sus- 
tained cerebral hemorrhage. Also, a case of intraoperative, 
postendarterectomy intimal flap, obstructing flow and re- 
quiring revision of the endarterectomy, was noticed by 
TCD, but was not seen on digital subtraction angiography. 

Mean preclamp systemic blood pressure in the non- 
ischemic category was 97 + 17. For mild ischemia, pres- 
sure was 98 + 15, and for severe ischemia, 101 + 16. 


Discussion 


Transcranial Doppler velocity assessment of flow in 
the MCA can potentially predict cerebral ischemia during 
carotid surgery. Recent technical refinements have al- 
lowed accurate insonation of the MCA in most subjects. 

Insertion of a plastic shunt tube into the common and 
internal carotid arteries during the time of carotid bifur- 
cation occlusion may allow temporary perfusion of the 
ipsilateral carotid territory. In an individual case, this 
might help prevent perioperative strokes related to isch- 
emia, but could increase the incidence of strokes due to 
embolization, or can damage the intima of the more distal 
internal carotid artery.*° 
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Some surgeons routinely use a shunt in all carotid en- 
darterectomies. Others seldom use a shunt, but some rely 
on selective shunting. Selective shunting requires some 
assessment of which patients are at potential risk for brain 
ischemia during clamping. Preoperative status of the con- 
tralateral carotid, preoperative neurologic status of the 
patient, intraoperative back pressure measurements, local 
anesthesia with monitoring of neurologic examination, 
intraoperative measurement of regional cerebral blood 
flow with xenon, and intraoperative EEG have all been 
used to make this decision, but there has been inconsistent 
value to these modalities in preventing operative stroke. 
For example, Sundt® reported a 24% incidence of major 
focal EEG changes during carotid clamping, which is then 
an indication for use of a shunt. But in other series that 
do not use EEG or shunts, the incidence of operative 
stroke is much lower than 24%. In cases monitored under 
local anesthesia, 3% have serious cerebral dysfunction de- 
spite a normal EEG, and 5.1% have an abnormal EEG 
despite a normal neurologic examination. A persistent 
regional cerebral flow below 10 mL/minute with xenon 
is associated with irreversible neuronal damage, but our 
own work did not show low xenon flow to be a good 
predictor in carotid endarterectomy.’ 

In this series, TCD assessment of severely reduced MCA 
velocity during carotid clamping accurately predicted the 
need for a carotid shunt. Severe ischemia, such that use 
of a shunt would be considered, occurred in 9.2% of cases. 
Thus, by TCD, more than 90% of carotid operations do 


_ not have criteria for use of a shunt. These findings help 


explain why those series in which shunts are always used 
do not have a substantially different stroke rate from cen- 
ters using selective shunting, or centers never using shunts. 
In more than 90% of carotid operations, by these TCD 
data, a shunt has no value, and the data also suggest that 
the shunt may increase the risk of stroke in patients with 
adequate TCD velocity during clamping. 

Patients sustaining severe ischemia by TCD were not 
distinguishable by any established preoperative criteria 
from those with mild or no ischemia. None of the severely 
ischemic patients had a history of fixed stroke before the 
surgery. Although contralateral occlusion was more com- 
mon in the group with severe ischemia (50%), most pa- 
tients with contralateral occlusion (2/3) did not have se- 
vere ischemia. 

It could be argued that severe ischemia was present in 
some patients because their blood pressure was not ade- 
quately increased before or during clamping. The blood 
pressure data, however, argue against this hypothesis. 
During the period of clamping, the anesthesiologist usually 
maintained blood pressure about 10% above baseline lev- 
els, to facilitate cerebral perfusion. In some cases, a tran- 
sient low blood pressure reduced the TCD velocity at test 
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clamping, so clamping was delayed until the blood pres- 
sure was in an acceptable range. All TCD velocity data 
described above are associated with an effort at optimal 
management of systemic pressure. In all cases of severe 
ischemia at clamping, 1t was the general perception of the 
surgeon that a reasonable effort had been made to opti- 
mize the systemic arterial pressure, and that severe isch- 
emia was truly due to inadequate collateral circulation to 
the ipsilateral MCA, unresponsive to reasonable efforts 
to increase the blood pressure, carried out with the anes- 
thesiologist’s knowledge of the response of MCA velocity 
to his efforts with blood pressure. This view is supported 
by the blood pressure data. At clamping, there was no 
significant difference in the mean systemic blood pressure 
for the severely ischemic, mildly ischemic, or nonischemic 
categories, and in fact there was a nonsignificant trend 
toward higher blood pressures in the group with severe 
ischemia by TCD. 

Neurologic morbidity was usually, but not always, pre- 
ceded by evidence of ischemia by both EEG and Doppler. 
Presumably, the reason that in some cases one of these 
monitoring techniques shows severe ischemia when the 
other does not is that EEG is a good test of cerebral cortical 
activity, but TCD is a better test of deeper portions of the 
hemisphere, including the basal ganglia and internal cap- 
sule.® | 

All of the patients with severe Doppler ischemia had 
low stump pressure, but many with adequate Doppler 
flow also had an initially low stump pressure. The stump 
pressure is an isolated measurement at one time, whereas 
the TCD has the advantage of continuously assessing in- 
tracerebral arterial flow, which may increase during the 
first few minutes after clamping. 


DISCUSSION 


Dr. ROBERT B. SMITH HI (Atlanta, Georgia): Dr. Ochsner, Dr. Jones, 
Members and Guests, Now that some of the long-awaited results of both 
the symptomatic and asymptomatic randomized clinical trials of carotid 
endarterectomy are being reported, new standards of acceptable peri- 
operative morbidity and mortality rates are being formulated. The com- 
bined serious morbidity rates, stroke plus death, for the NASCET study 
and for the two VA cooperative studies recently reported range from 
2.1% to 5.5%. The same value for the experience described by Dr. 
McDowell was 5.0%, placing them just within acceptable limits of current 
practice. This outcome was achieved with a mixed approach to shunting 
and patching, according to the preference of the individual surgeons. 
The only uniform element was the use of transcranial Doppler to monitor 
middle cerebral artery flow intraoperatively. It is interesting that trans- 
cranial Doppler flow correlated rather well with the 10-lead electroen- 
cephalogram (EEG), but less well with carotid stump pressures. At Emory, 
we have no experience with transcranial Doppler monitoring intraoper- 
atively, preferring either local anesthesia, allowing constant communi- 
cation with the patient, or compressed spectral array EEG if general 
anesthesia is used. Regardless of the method of monitoring, however, it 
is our preference to shunt all patients. Although we agree that probably 
fewer than 10% of carotid endarterectomy patients actually require 
shunting, an all-shunt policy avoids the search for that 10% and the 
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In conclusion, TCD is our primary cerebral monitoring 
technique in the clinical practice of carotid surgery. We 
believe it is of more practical value than EEG, but we 
also use EEG. Transcranial Doppler can be obtained in 
over 90% of patients, and is not inconvenient to the sur- 
gical procedure. Severe TCD ischemia for which we rec- 
ommend a shunt does not occur in most patients. Use of 
a shunt is associated with lower stroke incidence in severe 
TCE ischemia. Shunting is not associated with a lower 
incidence of stroke in mild TCD ischemia, so we do not 
recommend shunting for most carotid surgery. Measure- 
ment of back pressure does have value in assessing the 
tolerance of the brain to temporary carotid occlusion dur- 
ing carotid endarterectomy. 
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possibility of an erroneous selection process. It is our view that the risks 
of shurt insertion are exceedingly small and are outweighed by the benefits 
achieved. 

I ha~e several questions for the authors. How would you advise man- 
aging < patient whose transcranial Doppler flow is already quite low 
before zlamping but does not change appreciably with flow interruption? 
Should that patient be shunted or not? How much does this monitoring 
method add to the expense of the operative procedure, and is it more 
or less costly than 10-lead EEG? Do you really need both simultaneously 
for safe performance of the operation? Finally, you were able to detect 
postendarterectomy hyperperfusion in a few patients, sometimes followed 
by intracranial hemorrhage. Once hyperperfusion is known, are there 
any prectical measures to minimize the likelihood of catastrophic intra- 
cranial bleeding? I enjoyed the paper. Thank you. 


DR. WILLIAM EDWARDS (Nashville, Tennessee): Dr. Ochsner, Dr. 
Jones, [Aembers and Guests, I enjoyed Dr. McDowell’s presentation and 
appreciate him bringing this information to us. I must say, however, 
that his stroke rate struck me, as I read the abstract, and I thought that 
that incicated some problems in his study. 

I thir.k that we need to look at the new cooperative study showing the 
parameters of stroke that had occurred in that group; we need to re- 
member that from operative intervention we are going to have a stroke 
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rate, 1% or less, it is hoped. The natural history of stroke rate from the 
disease itself may be somewhere from 5% to 15%, which gives us vascular 
surgeons a window in which we can safely perform carotid endarterec- 
tomy. And I think, as Dr. Smith pointed out, it is incumbent on us to 
be certain that we can offer this operation in a milieu that is safe, with 
a low morbidity rate, a low stroke rate, and a low mortality rate. 

In performing carotid endarterectomy, I have used general anesthesia, 
light general anesthesia. I do not prefer to use local, because I began with 
local anesthesia many years ago in Houston and decided that general 
anesthesia is much better. I also was taught to shunt, and there is no 
decision on my part as to whether to shunt or not. I shunt every case 
unless technically I am unable to insert a shunt. And there are very few 
cases in which that occurs. This also allows me to teach residents and 
fellows exactly how to insert the shunt safely. I have believed for a good 
many years that the postoperative platelet thrombosis that occurs after 
carotid endarterectomy was related in some way to platelet aggregation. 
And if we could prevent those platelets from trying to repair the injury 
that we as surgeons have created, then we might be able to lower that 
postoperative stroke rate. And by using aspirin, dipyridamole after 
operation, and dextran in those patients who have not received any of 
these, we were able to very dramatically reduce our incidence of post- 
operative stroke as a result of the platelet aggregation and the thrombosis. 

I would like to ask Dr. McDowell two questions regarding their strokes: 
Exactly when did these strokes appear? Were they patients who had their 
neurologic deficit when they awoke from their anesthesia or were they 
strokes that appeared during the postoperative period? We have developed 
the attitude that if the patient wakes up with a neurologic deficit, we 
would have that patient wake up in the operating room. If they show 
that neurologic deficit, then we will re-explore that carotid artery to be 
certain there is not platelet aggregation occurring. By the same token, 
the patient who, during his or her first few hours of convalescence, dem- 
onstrates a hemiparesis, will be taken back to the operating room as well. 

The second question is, were there technical problems with shunts? I 
think that learning to use a shunt will certainly minimize the technical 
problems, but that technical problems can be produced. Again, I appre- 
ciate him bringing the material, and appreciate the opportunity for the 
floor. Thank you. 


DR. DENTON A. COOLEY (Houston, Texas): I have enjoyed Dr. 
McDowell’s presentation and believe we will try this method of moni- 
toring when it becomes available. As I have listened to the endless con- 
troversy about the management of the stenotic carotid arteries, 1 have 
been amazed at the circular nature of the discussions. I have always 
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thought that vascular surgeons never changed their minds and seldom 
even rearranged their prejudices. After a large experience using the stan- 
dard technique of carotid endarterectomy by longitudinal incision, about 
2 years ago I reverted to using the technique that was used in the first 


- carotid endarterectomy in 1954, that is, a transverse incision with eversion 


endarterectomy. This technique eliminates the need for shunts or for 
patches. The longitudinal incision naturally leads to stenosis and throm- 
bosis. You never see a thrombosis in a transverse incision. The transverse 
eversion technique never exceeds 10 minutes of carotid occlusion, and 
the average is 7 to 8 minutes of carotid occlusion. I think that vascular 
surgeons ought to re-examine this technique of carotid endarterectomy, 
give up shunting and patching, and return to using transverse incision, 
which is a much more anatomic repair. 

I would like to ask Dr. McDowell to elaborate on those patients with 
100% occlusion in the contralateral carotid artery. We never used shunts 
in patients in whom we used longitudinal incisions, and I never saw an 
ischemic injury in a patient with a contralateral 100% occlusion. Can 
you explain that on the basis of your monitoring technique? Thank you. 


Dr. HoLt W. MCDOWELL, JR. (Closing discussion): Dr. Cooley, I 
cannot explain it. We did have marked drop or at least a higher signif- 
icance of drop on contralateral occlusion, and the incidence of shunting 
was higher based on those data, but I cannot explain why you have never 
seen a stroke with a contralateral occlusion because our results would 
indicate that maybe contralateral occlusion would have a higher stroke 
rate. 

Dr. Smith, you asked the question of if there was marked decrease of 
transcranial Doppler before occlusion. And, strangely enough, I do not 
recall that patient with a severe ischemia level before occlusion. I had 
not thought of it. But should that occur, based on this, I think that I 
would probably shunt them. I do not know the relative costs of the 
transcranial Doppler and the electroencephalogram (EEG). In the study, 
we have been working with the Department of Neurology. As far as a 
routine hospital charge, I do not know what it is. I agree with you that 
using both procedures, EEG and transcranial Doppler, is, as far as wide- 
spread general usage, probably overkill as regards the cost. 

Dr. Edwards, the procedure that we use for patients that have difficulty 
after carotid is the same as yours, namely, that we let them wake up on 
the table. Those that do not are immediately re-explored, and those that 
have any difficulty in the recovery room are re-explored. I do a follow- 
up arteriogram after the endarterectomy or digital subtraction arterio- 
gram, which gives me some assurance that maybe technically it has been 
all right. I appreciate the discussants. Thank you. 
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Massive small bowel resection (SBR) is characterized by in- 
creased proliferation of residual gut mucosa and pancreas. Neu- 
rotensin (NT), a gut tridecapeptide, stimulates growth of normal 
gut mucosa and pancreas. This study examined whether NT af- 
fected growth of the small intestine and the pancreas after either 
distal or proximal SBR. Male Fischer 344 rats were divided into 
four groups. Group I underwent ileal transection with reanas- 
tomosis (SHAM) and group 2 underwent 70% distal SBR. Group 
3 underwent SHAM operation (jejunal transection), and group 
4 underwent 70% proximal SBR. After operation, each group 
was further subdivided to receive either saline (control) or NT 
(300 ug/kg) subcutaneously in gelatin every 8 hours for 7 days. 
At death, the pancreas and proximal jejunum (from groups 1 
and 2) or distal ileum (from groups 3 and 4) were removed, 
weighed, and analyzed for DNA, RNA, and protein content. Both 
proximal and distal SBR significantly increased mucosal growth 
in the remnant intestine; a more pronounced effect was noted 
with proximal SBR. Administration of NT significantly aug- 
mented the adaptive changes in both groups of rats by mecha- 
nisms involving increases in both cell size (hypertrophy) and cell 
number (hyperplasia). Pancreatic growth was stimulated by distal 
(but not proximal) SBR; NT did not augment this response. The 
authors conclude that NT augments intestinal growth after SBR 
by mechanisms involving an increase in overall mucosal cellu- 
larity. Administration of NT may be therapeutically useful to 
enhance mucosal regeneration during the early period of adaptive 
hyperplasia after SBR. 


ESECTION OF THE small bowel in rats induces 
compensatory hyperplasia of the remaining gut 
mucosa.'~? These changes, beginning as early as 
48 hours after resection, include an increase in the pro- 
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duction rate of crypt cells, villus enlargement, and en- 
hanced absorption.!~> The specific signals controlling this 
adaptive response are thought to include such factors as 
luminal nutrients,° pancreaticobiliary secretions,’ and 
humeral factors.°-!° In addition to the adaptive changes 
noted in the remnant of intestinal mucosa, small bowel 
resection is also associated with a stimulation of pancreatic 
growth that appears to be due, in part, to elevated levels 
of cholecystokinin, a potent pancreatic trophic factor. !}!? 

Neurotensin (NT), a tridecapeptide, is localized mainly 
in the central nervous system and in endocrine cells (N 
cells) of the gut mucosa in the jejunum and ileum.'* The 
functions of NT in the gut include stimulation of pan- 
creatiz and biliary secretions'* and inhibition of small 
bowel and gastric motility.!° In addition, NT is trophic 
for several tissues in the gastrointestinal tract, including 
pancrzas,'*!? colon,!® and small bowel.!°?! Administra- 
tion af NT stimulates mucosal growth in rats fed normal 
laboratory chow,!* and prevents mucosal hypoplasia in 
rats fed an elemental diet.2°?! Also, NT may be involved 
in the early stages of intestinal regeneration after small 
bowel resection.” ?* Collectively, these data suggest an 
important role for NT as a potent enterotrophic factor 
and as a contributing factor to the growth of other gas- 
troint2stinal tissues. 

The purpose of this study was to determine whether 
NT could affect intestinal regeneration and pancreatic 
growth after resection of either the proximal or distal small 
bowel. 
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Materials and Methods 
Experimental Design 


Ninety-six male Fischer 344 rats (3 to 4 months of age, 
170 to 280 g, National Institute of Aging, Bethesda, MD) 
were housed at a constant temperature (22 C) and hu- 
midity with 12-hour light and dark cycles. During this 
period, all rats were fed standard laboratory chow (For- 
mulab Chow, Purina Mills, Inc., St. Louis, MO) ad 
libitum. 

After at least a 7-day period of acclimation, rats were 
fasted overnight, weighed, and divided into four groups. 
Rats were anesthetized with an intraperitoneal injection 
of pentobarbital (40 mg/kg body weight). The abdomen 
was opened by a midline incision, and the small intestine 
was carefully measured along the antimesenteric border. 
Sham-operated transection controls underwent either ileal 
transection 5 cm proximal to the cecum (group 1) or je- 
junal transection 5 cm distal to the ligament of Treitz 
(group 3), without any intestine removed, followed by 
reanastomosis. Rats in group 2 underwent a 70% distal 
small bowel resection (DSBR) (approximately 65 cm of 
small bowel), beginning 5 cm proximal to the cecum. Rats 
in group 4 received a 70% proximal small bowel resection 
(PSBR), beginning 5 cm distal to the ligament of Treitz. 
In all groups, intestinal continuity was restored by end- 
to-end enteroenterostomy with 7—0 interrupted silk su- 
tures. The abdomen was closed in one layer with 3-0 silk 
sutures. After operation, all rats were given 10 mL saline 
subcutaneously and allowed free access to water beginning 
24 hours after operation. Sham-treated rats were pair-fed 
to the resected groups starting on postoperative day 3. 

Beginning the morning of postoperative day 2, rats in 
each of the four study groups were further subdivided to 
receive subcutaneous injections of either saline (control) 
or NT (300 ug/kg, Bachem Inc., Torrance, CA) every 8 
hours for 7 days. 


Peptide Preparation 


A stock solution of NT was prepared by first dissolving 
the amount of NT needed for the study in 1 mL of sterile 
water containing 0.1% (wt/vol) bovine serum albumin 
(Calbiochem-Behring, La Jolla, CA) and then diluted to 
the required concentration with saline containing 0.1% 
bovine serum albumin. Equal portions of this solution, 
sufficient for a single injection of all animals of a given 
group, were stored in glass vials at —20 C. Saline con- 
taining 0.1% bovine serum albumin (control) was likewise 
divided into equal aliquots and stored at —20 C. To pro- 
long absorption, saline or NT was mixed 1:4 (vol/vol) 
with 15% (wt/vol) hydrolyzed gelatin (Sigma Chemical 
Co., St. Louis, MO) before administration. 
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Tissue Collection 


The last injections were given at midnight on the eighth 
postoperative day. After an overnight fast, rats were 
weighed and then killed by decapitation beginning at 
8:00 A.M. on postoperative day 9. The abdomen was 
opened and the proximal jejunum (20 cm) from groups 
1 and 2, or distal ileum (20 cm) from groups 3 and 4, was 
removed. All segments were suspended vertically with a 
15-g weight to ensure constant lengths. The mesentery 
was trimmed and luminal contents were removed by 
flushing with cold saline and gentle manual stripping. Each 
segment was then blotted dry, weighed, and the mucosa 
carefully scraped from the underlying seromuscular layer 
on a chilled platform, using a glass slide. In addition, the 
pancreas was removed from all rats and weighed. All 
specimens were immediately frozen at —70 C until assayed 
for DNA, RNA, and protein content. 


DNA, RNA, and Protein Determination 


Tissues were thawed and homogenized. The DNA con- 
tent was measured by the Burton? modification of the 
diphenylamine procedure with calf thymus DNA used as 
the standard. Ribonucleic acid content was measured by 
means of the orcinol procedure with yeast RNA as the 
standard.” Protein content was determined by the method 
of Lowry and colleagues,” with bovine serum albumin 
as the standard. 


Statistical Analysis 


Mucosal and pancreatic weights and DNA, RNA, and 
protein contents were normalized to kilograms of body 
weight and values expressed as mean + standard error of 
the mean. The data were analyzed by the two-way clas- 
sification analysis of variance. The two classifications were 
defined as operation (SHAM and small bowel resection) 
and injection (saline and NT). The least significant pro- 
cedure was used for mean separation. In all instances, a 
p value < 0.05 was considered significant. 


Results 
Body Weight 


None of the groups of rats developed diarrhea; however, 
four rats died after DSBR and six rats died after PSBR 
because of anastomotic leakage. There was an approxi- 
mately 5% to 6% weight decrease in both groups of rats 
that had small bowel resection compared with corre- 
sponding SHAM groups. There were no differences in 
body weights of NT and saline-treated rats within groups. 
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Effect of NT on Proximal Small Bowel Mucosa After 
DSBR 


Distal small bowel resection alone significantly stim- 
ulated mucosal growth in the proximal jejunum (Fig. 1). 
Mucosal weight was increased by 34%, DNA content by 
24%, RNA content by 32%, and protein content by 37% 
compared with the comparable sham group given saline 
injections. Neurotensin injections, administered to rats 
after DSBR, significantly augmented the response of the 
gut mucosa to resection alone. Indices of gut mucosal 
growth were all increased (weight by 23%, DNA content 
by 12%, RNA content by 22%, and protein content by 
24%) compared with the values obtained in rats treated 
with DSBR and saline. As expected, NT given to rats after 
sham operation significantly stimulated gut mucosal 
growth. 


Effect of NT on Distal Small Bowel Mucosa After PSBR 


Proximal small bowel resection provided a stronger 
stimulus to intestinal adaptation than did distal resection 
(Fig. 2). Values of weight, DNA, RNA, and protein con- 
tent were increased 50% to 70% over corresponding values 
in sham rats given saline injections. Even though PSBR 
produced a more pronounced increase in mucosal growth 
than DSBR, NT administration significantly augmented 
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this response. Mucosal weight was increased by 23%, DNA 
content by 20%, RNA content by 21%, and protein con- 
tent by 26% compared with rats treated with PSBR and 
saline injections. 

Figure 3 summarizes and compares the effects of bowel 
resection either alone or combined with NT on mucosal 
growth in the residual gut. 


Effect of NT on Pancreatic Growth After DSBR 


Resection of the distal 70% of the small bowel stimu- 
lated increases of pancreatic weight (17%), DNA (15%) 
and RNA (28%) compared with sham operation (Fig. 4). 
In contrast to the small bowel mucosa, administration of 
NT did not augment pancreatic growth. Administration 
of NT to sham-treated rats resulted in significant increases 
of pancreatic weight (18%), RNA (14%), and protein (19%) 
compared with sham rats treated with saline. 


Effect of NT on Pancreatic Growth After PSBR 


Resection of the proximal small bowel resulted in a 
small (8%), but significant, increase in pancreatic DNA 
content (Fig. 5). Values of weight, RNA, and protein were 
not affected. Neurotensin treatment to sham and PSBR 
rats resulted in significant increases of growth measure- 
ments. 
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Fic. 1. Mucosal weight, DNA, RNA, and protein content of proximal jejunum (20 cm) from rats after either sham operation or 70% distal small 
bowel resection (DSBR). Rats were further subdivided to receive injections of saline (control) or NT (300 ng/kg). *p < 0.05 (NT vs. control); tp 


< 0.05 (DSBR vs. sham control). 
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FIG. 2, Mucosal weight, DNA, RNA, and protein content of distal ileum (20 cm) from rats after either sham operation or 70% proximal small bowel 
resection (PSBR). Rats were further subdivided to receive injections of saline (control) or NT (300 pg/kg) *p < 0.05 (NT vs. control); tp < 0.05 


(PSBR vs. sham control). 


Discussion 


Our findings demonstrate that NT (300 ug/kg) can 
augment gut adaptive hyperplasia that occurs after either 
proximal or distal small bowel resection. Neurotensin sig- 
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Fic. 3. Summary of changes of mucosal weight, DNA, RNA, and protein 
content after either distal small bowel resection (DSBR, open bar) or 
proximal small bowel resection (PSBR, doubdle-hatched bar) alone or 
combined with NT injections. *p < 0.05 vs. DSBR; tp < 0.05 vs. PSBR. 


nificantly increased mucosal weight, protein, and RNA 
content, indicators of cellular hypertrophy, and in addi- 
tion, stimulated actual cellular proliferation, as demon- 
strated by the increases of DNA content. 

Adaptive hyperplasia of intestinal mucosa occurs after 
extensive small bowel resection.!~>* The residual intestine 
undergoes adaptive changes, both structural and func- 
tional, which include small bowel dilation, epithelial cell 
hyperplasia, and enhanced absorption.!~!°* Increases in 
DNA and RNA content are noted as early as 2 days after 
resection.” In our current study, we found significant 
increases in weight, DNA, RNA, and protein content in 
the remaining intestinal mucosa 9 days after either prox- 
imal or distal intestinal resection. Consistent with other 
reports,'*? we found a differential trophic response of the 
residual jejunum and ileum. Mucosal growth was in- 
creased 50% to 70% in the ileum after proximal small 
bowel resection compared with 25% to 35% increases of 
mucosal growth in the jejunum after distal small bowel 
resection. The reason for this differential effect is not 
known, but may be due, in part, to a greater supply of 
nutrients delivered to the remaining ileum. Because NT 
is found in highest concentration in the distal ileum, an- 
other possibility to explain why the proximal mucosa is 
less responsive may be that most of NT-containing gut is 
removed by a distal resection. 

Signals controlling the compensatory hyperplasia of gut 
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mucosa are complex; factors that appear to be important 
for a maximal trophic response include intraluminal fac- 
tors (for example, luminal nutrients and pancreaticobiliary 
secretions).°’ Humoral factors also appear to play an im- 
portant role in small bowel adaptation, a role that has 
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Fic. 4. Pancreatic weight, DNA, 
RNA, and protein content from the 
same animals shown in Fig. 1. *p 
<0.05 (NT vs. control); fp 
< 0.05 (DSBR vs. sham control). 


been demonstrated dramatically by Williamson and 
colleegues® in parabiotic rats. Several gastrointestinal 
hormones, including gastrin and enteroglucagon, have 
been considered as potential candidates in the response 
to resection, but the evidence is largely inferential. 10207! 
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Fic. 5. Pancreatic weight, DNA, 
RNA, and protein content from the 
same animals shown in Fig. 5. *p 
<0.05 (NT vs. control); fp 
< 0.05 (PSBR vs. sham control). 
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Another potential candidate for the humoral stimula- 
tion of gut mucosal growth after resection is NT. Neu- 
rotensin stimulates growth of both normal and atrophic 
gut mucosa,'”*' and NT levels have been shown to be 
closely linked to the proliferative status of the small bowel 
mucosa.?**4237 We and others have shown that exclusion 
of nutritional stimuli to the small bowel mucosa during 
administration of an elemental diet or after heterotopic 
small bowel transplantation causes mucosal atrophy and 
a marked decrease in NT protein content’? and N cell 
number’ in the ileum. In contrast, small bowel resection 
induces hyperplasia in the remaining gut mucosa. We did 
not measure tissue levels of NT in the present study, but 
we have previously found that NT mRNA levels are in- 
creased in the rat ileum as early as 3 hours after proximal 
small bowel resection,” and Olsen and colleagues”? have 
shown that the concentration of NT increases 3- to 15- 
fold in the residual gut after small bowel resection. 

We have demonstrated here, for the first time, that NT 
augments the adaptive hyperplasia that occurs in gut mu- 
cosa after resection. Administration of NT for 7 days sig- 
nificantly increased weight, DNA, RNA, and protein 
contents after either proximal or distal enterectomy. 
Maximal gut hyperplasia occurs in the residual gut within 
7 to 8 days after resection*”; therefore, NT can further 
stimulate the proliferative response achieved by small 
bowel resection alone. Other studies have examined the 
effect of small bowel resection combined with adminis- 
tration of epidermal growth factor and prostaglandin Ez, 
agents reported to stimulate small bowel mucosa; how- 
ever, these agents did not enhance mucosal regeneration 
of the distal gut when combined with intestinal resec- 
tion. 245 

The mechanisms responsible for the augmentation of 
gut growth with NT in our study are not known. We have 
previously demonstrated that NT can stimulate mucosal 
growth by a direct systemic effect and also indirectly by 
the stimulation of pancreaticobiliary secretions; there- 
fore, a combination of factors may be involved. 

In addition to stimulation of gut mucosal growth, re- 
section of the distal (but not proximal) small bowel pro- 
duces pancreatic hyperplasia. !"? Administration of the 
cholecystokinin antagonist CR-1409 suppresses this in- 
crease in pancreatic growth measurements, suggesting that 
increased cholecystokinin levels, which occur due to loss 
of the normal feedback control exerted by bile salts, are 
responsible for this phenomenon. !? We found increases 
of pancreatic weight, DNA, and RNA content after distal 
small bowel resection in our current study. Neurotensin, 
trophic for normal pancreas, stimulated pancreatic growth 
in all sham-treated rats and rats treated with proximal 
small bowel resection. Neurotensin did not augment pan- 
creatic growth after distal small bowel resection, however. 
These findings suggest that pancreatic growth stimulation 
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was maximal and that administration of a perhaps weaker 
pancreatic trophic factor (NT) was unable to further aug- 
ment this response. 

Intestinal adaptation, after small bowel resection, also 
occurs in humans; mucosal surface area may increase 
fourfold in the remaining gut. This adaptive response is 
oftentimes sufficient to compensate for limited resections 
of the intestine, but massive small bowel resection (Z.e., 
greater than 70%) is associated with increased morbidity 
and mortality rates because of a marked loss of intestinal 
absorptive surface.*° Efforts to increase intestinal surface 
area have included innovative surgical techniques, such 
as longitudinal small bowel division and lengthening, 
construction of valves, and reversed segments of small 
bowel or colon, and small bowel transplantation.?’*° 
These attempts have been, for the most part, unsuccessful. 
Identification of an agent that could augment the adaptive 
response of the residual gut after resection would be clin- 
ically important and may have potential therapeutic ap- 
plications. 

In conclusion, we have shown that both extensive small 
bowel resection and NT can independently increase gut 
mucosal growth. Administration of NT can further aug- 
ment this adaptive hyperplasia of the remaining gut mu- 
cosa. Neurotensin appears to be an important entero- 
trophic factor and may be a useful agent during the early 
period of gut adaptation after resection of the small bowel 
to enhance mucosal regeneration. 
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DISCUSSION 


Dr. LESTER WILLIAMS (Nashville, Tennessee): Dr. Ochsner, Dr. Jones, 
Members and Guests, I have had the pleasure of reading the manuscript, 
which contains not only the material you heard but considerable addi- 
tional information. And as one would expect as we hear presentations 
from Dr. Thompson’s laboratory, we have seen a magnificent presentation 
of the data, and I could find almost nothing to quibble with, with respect 
to the data. So I have three questions, one of which is not fair because 
he did not have a chance to present the pancreas data. 

The first question is whether the assumption is that neurotensin’s 
mechanism is predominantly by a direct, systemic effect. If that is true, 
is it possible that the difference between the distal resection and proximal 
resection data could have been negated by increasing the dose of the 
exogenous neurotensin? Or do you have reason to believe that the mech- 
anism is somehow or other different? If in fact it is simply a matter of 
the amount of neurotensin that is still in the animal because the distal 
bowel is there, then you would expect to be able to overcome these 
differences by increasing the exogenous dose. 

The second question relates to the consequence of these changes in 
cellular phenomena. We do not have evidence that these cellular changes 
made a difference. Is there any functional significance to the cellular 
change? In fact, the all of resected animals lost weight, 5% to 6%. There 
was not a difference between the amount of weight lost in the animals 
that received neurotensin and those that received saline, and yet, the 
effect in terms of cellular phenomena were better with the neurotensin. 
Why did we not see functional significance in terms of the effect with 
treatment of these animals? 
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It is ziso true that in the manuscript you will see some information 
on the pancreas. And the fascinating phenomenon is that the pancreas 
goes dicterently than what would be predicted. The paper, I think, perhaps 
contains other evidence of a mechanism that we would have to explain. 
I certamaly enjoyed the opportunity to see the manuscript and discuss 
the paper. Thank you. 


Dr. HIRAM POLK (Louisville, Kentucky): Mr. President, Dr. Jones, 
It is ar interesting commentary to think back over 20 years ago and 
realize “hat the observations of Drs. Ellison and Zollinger would turn 
into the kind of sophisticated analysis of what now is the most important 
endocr..e organ in the body, that is, the alimentary tract. It is an inter- 
esting turnaround from a thoughtful, clinical observation to something 
that is zow fairly fundamental basic science. This paper is pretty typical 
of the work that Dr. Thompson, Dr. Townsend, and Dr. Evers have 
done in recent years. I do think that the questions and implications, 
howeve”, are great. 

There are some issues about the timing and duration of treatment. In 
other words, how late could you begin this treatment with potential 
value? and then how long should it be continued? Does it have a con- 
tinued proliferative effect or does it plateau? I think the point that Dr. 
Williarcs made about functional significance is important, and it would 
be nice~o see this sort of thing applied to a critical small bowel resection, 
the kinx that would be incompatible with growth and normal life and 
to see if you could moderate that in a functional way, just as Drs. Dudrick 
and R}2ads did with parenteral hyperalimentation so long ago. Could 
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it make the difference? Because it is clear that this is a very uncommon 
problem in the adult, but it is not an uncommon problem in the child, 
and I think that there are a number of individuals who face radical 
therapy. I mean either home hyperalimentation or transplantation, both 
of which are presently radical undertakings and might be modified in 
this situation if applicable to the child with necrotizing enterocolitis or 
massive mid-gut volvulus. I think it will be interesting to see whether 
this treatment administered over a longer period is beneficial in that 
setting. Potentially it is very valuable and, of course, it is very instructive 
about the basic fundamentals of alimentary tract endocrinology. Thank 
you very much. 


Dr. R. SCOTT JONES (Charlottesville, Virginia): Thank you, Dr. Ochs- 
ner. I had a couple of questions that | wanted to ask about this excellent 
presentation. Would the authors put this material in perspective from 
the standpoint of physiologic control mechanisms. In other words, the 
experiment demonstrates that exogenously administered neurotensin 
stimulated hyperplasia and hypertrophy in the remaining small bowel. 
I would like to know whether you have any evidence about whether this 
is a physiologic phenomenon. In other words, is neurotensin responsible 
for the hyperplasia that occurs after small bowel resection? 

And I would be interested to know whether there are any changes in 
the levels of this substance in the blood to suggest that it acts like a 
hormone? 

The second question is unrelated to your primary experiment, but I 
would appreciate hearing your thoughts on it. There are a number of 
other changes that occur in gastrointestinal function after small bowel 
resection, and one of those is increased acid secretion. Neurotensin, as 
you indicated, does not stimulate acid secretion. Indeed, I guess it may 
inhibit it, and it delays gastric emptying. Please make a comment that 
might correlate the changes that occur in neurotensin with the changes 
that occur in acid secretion. I really enjoyed hearing your presentation, 
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and want to compliment the authors on an excellent piece of work. 
Thank you. 


DR. B. MARK EVERS (Closing discussion): Thank you, Dr. Ochsner, 
Dr. Jones. Dr. Williams, both of your questions really relate to whether 
we have looked at different dosages and different time schedules. You 
first asked about the mechanisms and whether we have tried increasing 
the dose to see if we can overcome the effects of the proximal versus the 
distal resection. We have found actually that neurotensin has a fairly 
complex mechanism of action, including both direct and indirect effects. 
We have not tried increasing the dosage; however, that is planned for 
future studies. In this initial study, we used the standard dosage of 300 
pg/kg, which we and other laboratories have shown has a maximal effect. 

Dr. Polk, you asked about a time course study. We have looked at a 
time course study with different dosages of neurotensin in rats without 
small bowel resection. We found that we get a maximal effect of neu- 
rotensin on gut growth by 5 to 7 days, at which time a plateau is reached. 
Dr. Jones and Dr. Polk both asked about functional significance of the 
neurotensin. The only thing that we have studied from a functional 
standpoint is that we have found that neurotensin increases activity of 
certain disaccharidases. This has also been shown by Travis Solomon in 
Kansas City. 

Dr. Jones, you asked about a physiologic phenomenon, whether neu- 
rotensin could be responsible for changes after small bowel resection. 
We think that neurotensin may contribute to the changes seen after 
small bowel resection. The evidence for that includes a paper by Olson 
and colleagues that shows that neurotensin content is increased after 
small bowel resection. There have been both experimental and clinical 
studies that show that neurotensin blood levels increase after small bowel 
resection, and we have shown and presented at the Surgical Forum that 
the actual messenger RNA for neurotensin increases by 3 hours end is 
up again at 24 hours after resection, so that is certainly something we 
are investigating in our laboratory now. Thank you very much. 
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Gastrin is known as a trophic factor for some stomach and co- 
lorectal cancer cells; however, the roles of gastrin receptors and 
the intracellular signal transduction pathways by which gastrin 
regulates cell growth are still unknown. The authors examined 
the effect of synthetic human gastrin-17 on growth of human 
stomach cancer cells (the parent line, AGS-P, and two different 
clones, AGS-10 and AGS-12), which were established (and have 
been maintained) in our laboratory. Gastrin stimulated growth 
of AGS-P and AGS-10 cells, which have gastrin receptors, in a 
dose-dependent fashion. A highly selective gastrin receptor an- 
tagonist, JMV 320, inhibited the growth-stimulatory effect of 
gastrin on AGS-P cells in a dose-dependent fashion. Concentra- 
tions of gastrin (10° to 107% M), which stimulated growth of 
AGS-P cells, did not affect either cyclic adenosine monophos- 
phate production or phosphatidylinosito] hydrolysis. Gastrin 
(10-"! to 107° M) mobilized calcium from the intracellular or- 
ganelles to increase intracellular calcium level in AGS-P cells. 
The AGS-12 clone has no gastrin receptors, and gastrin did not 
affect growth or mobilization of intracellular calcium in these 
cells. Our findings indicate that gastrin stimulates growth of 
AGS cells through a mechanism that involves binding to specific 
gastrin receptors that are linked to the system for mobilization 
of intracellular calcium. 


ASTRIN IS SYNTHESIZED and secreted from G 

cells in the antrum of the stomach and stimu- 

lates gastric acid secretion. There is no question 
that gastrin is also a trophic hormone. Johnson! clearly 
demonstrated the trophic effects of gastrin on mucosa of 
the rat gastrointestinal tract. Patients with the Zollinger- 
Ellison syndrome, which is characterized by hypergas- 
trinemia, are known to show massive fundic mucosal hy- 
perplasia.” The trophic effect of gastrin on a number of 
established stomach cancer cells has been well docu- 
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mented in vivo and in vitro.** The intracellular mecha- 
nisms of signal transduction by which gastrin affects 
growth of cancer cells are, however, still unclear. To de- 
termine the precise mechanism by which gastrin affects 
the growth of stomach cancer cells will undoubtedly be 
valuable for developing a new therapeutic strategy for pa- 
tients with stomach cancer. Therefore, the purpose of the 
current study was to examine in-depth the effect of gastrin 
on the growth of human stomach cancer cells in terms of 
receptor-ligand interaction and postreceptor signal- 
transduction pathways. 

A human stomach cancer cell line (termed AGS), which 
was established and has been maintained in our labora- 
tory,° was employed as a target cell to examine the effect 
of gastrin in the current study. We have maintained two 
different cloned cell lines (AGS-10 and AGS-12) in ad- 
dition to the polyclonal AGS parent (AGS-P) cell line. 
We have reported previously that both AGS-P and AGS- 


10 cells have gastrin receptors (AGS-P: 25.1 + 5.7 fmol/ 


100 ug DNA and AGS-10: 28.0 + 0.7 fmol/100 ug DNA), 
and AGS-12 cells have none.’ 


Materials and Methods 


AGS-P, AGS-10, and AGS-12 cells have been main- 
tained in culture medium (F-10), containing fetal calf 
serum (FCS) in a humidified atmosphere of 95% air and 
5% CO, at 37°C. Stock cultures have media changed every 
3 days (the doubling times are approximately 20 hours 
for AGS-P and AGS-10 and 35 hours for AGS-12). Hu- 
man gastrin-17 was purchased from Bachem, Torrance, 
California. Gastrin receptor antagonists were synthesized 
as previously reported®"''; JMV 56 is a phenethyl ester 
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derivative analog of the C-terminal tetrapeptide of gastrin.® 
JMV 76 is a pseudo-peptide analog of tetragastrin.? JMV 
97 is a partially modified retro-inverso pseudopeptide de- 
rivative of tetragastrin.'° JMV 320 is a cyclic cholecys- 
tokinin analog that is highly selective for a central cho- 
lecystokinin receptor or a gastrin receptor.!! The amino 
acid structures of all gastrin receptor antagonists employed 
in the current study are shown in Table |. All experiments 
were performed using six dishes or wells (one cover slip 
for the calcium study) in each experiment, and each study 
was repeated on at least three separate occasions. Rep- 
resentative data from each experiment are shown in this 
paper. 


Effect of Human Gastrin-17 and Gastrin Receptor Antag- 
onists on Growth of AGS-P, AGS-10, and AGS-12 Cells 


AGS-P, AGS-10, and AGS-12 cells (2 X 10*) were 
plated in F-10 containing 5% FCS. After 48 hours, cells 
had medium replaced by F-10 containing 1% FCS. After 
24 hours, gastrin-17 (1078 to 107° M) and a gastrin re- 
ceptor antagonist, either JMV 56 (107% M), JMV 76 (1075 
M), JMV 97 (107° M) or JMV 320 (107 to 107° M), were 
added alone or in combination. Each peptide or vehicle 
(0.03 N NH,OH for gastrin and distilled water for gastrin 
receptor antagonists) was added only once at the first day 
of the experiment or added every other day. Every other 
day, cells were detached from culture dishes with trypsin 
(1:250, Gibco) and diluted 10-fold with Isoton (Curtin 
Matheson Scientific, Houston, Texas). The cell number 
was counted by a Coulter counter, which was electroni- 
cally set to count cells under 100 um in size. The number 
of cells determined by the Coulter counter was similar 
(less than 5% difference) to the number of viable cells 
determined by a dye (trypan blue)-exclusion method using 
a hemocytometer. Also, the coefficient variances of low 
and high counts determined by this electric counter were 
less than 2%. 


Effect of Human Gastrin-17 and JMV 320 on Phospha- 
tidylinositol Hydrolysis in AGS-P Cells 


Phosphatidylinositol (PI) hydrolysis was measured fol- 
lowing a protocol adapted from Hawkins and colleagues. !? 
In brief, AGS-P cells (3 X 10°), which were plated and 
cultured in 24-well tissue culture plates for 2 days, were 
incubated with F-10 containing 5% FCS supplemented 


TABLE 1. Amino Acid Structures of Gastrin-Receptor Antagonists 


Antagonist Structure 

JMV 56 Boc-Trp-Leu-Asp-2-phenethyl ester 

JMV 76 Boc-Trp-Leu¥(CH,NH)-Asp-Phe-NH,» 
JMV 97 Boc-Trp-Leu-gAsp-CO-CH ,CH.C, Hs 
JMV 320 Acetyl-Tyr-Lys-Gly-Trp-Lys-Asp-Phe-NH » 
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with myo-3H-inositol (10 wCi/mL) for 16 hours. Cells 
were then incubated for 10 minutes with oxygenated 
Krebs-Ringer bicarbonate buffer (pH 7.4) containing 
HEPES (10 mM), bovine serum albumin (0.1%), glucose 
(2.5 mM) and LiCl (10 mM). After another 1-minute in- 
cubation in the presence of human gastrin-17 (10~’ to 
107° M), cells were extracted with 10% perchloric acid 
and immediately neutralized with 6 N KOH. Fractions 
of inositol monophosphate (IP;), inositol bisphosphate 
(IP), inositol trisphosphate (IP3), and inositol tetrakis- 
phosphate (IP4) were extracted by anion exchange chro- 
matography (Dowex AG-1 X 8; formate form; 200 to 400 
mesh) using a mixture of formic acid and ammonium 
formate as an eluent. After a fraction of inositol was eluted 
by an excess of water, IP;, IP2, IP}, and IP, were eluted 
by 0.1 M formic acid + 0.2 M ammonium formate, 0.1 
M formic acid + 0.4 M ammonium formate, 0.1 M formic 
acid + 1.0 M ammonium formate, and 0.1 M formic acid 
+ 1.6 M ammonium formate, respectively, in a stepwise 
fashion. Radioactivity of each fraction was measured by 
a liquid scintillation counter. 


Effect of Human Gastrin-17 and JMV 320 on the Pro- 
duction of Cyclic Adenosine Monophosphate in AGS-P 
Cells 


AGS-P cells (5 X 10°) were plated and cultured in 35- 
X 10-mm tissue culture dishes for 2 days, incubated in 
oxygenated Krebs-Ringer bicarbonate buffer (pH 7.4) 
containing HEPES (10 mM), bovine serum albumin 
(0.1%), glucose (2.5 mM), and IBMX (0.1 mM). After 
30-minute incubation in the presence of human gastrin- 
17 (10-8 to 107° M) alone or with JMV 320 (10° M), 
cells were extracted with 5% trichloroacetic acid and neu- 
tralized with an excess of CaCo; just before radioimmu- 
noassay.'? After acetylation of samples with acetic an- 
hydride and triethylamine, intracellular cyclic adenosine 
monophosphate (cAMP) levels were measured by cAMP 
radioimmunoassay kit (Amersham Corporation, Arling- 
ton Heights, IL). 


Effect of Human Gastrin-17 and JMV 320 on the Mobi- 
lization of Intracellular Calcium in AGS-P and AGS-12 
Cells 


AGS cells were grown on 25-mm diameter glass cov- 
erslips at 37 C in F-10 medium supplemented with 5% 
FCS. The coverslips were coated with 25% Matrigel (Col- 
laborative Research Inc., Bedford, MA) solution to en- 
hance attachment of cells. The cells were incubated for 
60 minutes at 25 C with 2 mL Krebs Ringer Henseleit 
(KRH) buffer containing 10 uM of fura-2/acetoxylmethyl 
ester. Krebs Ringer Henseleit contains, in millimoles per 
liter: NaCl, 125; KCl, 5; MgSO, and KH»PO,, 1.2; CaCh, 
2; glucose, 6; Hepes 25, pH 7.4. Loaded cells were washed 
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twice with fresh KRH and reincubated in KRH with 0.1% 
bovine serum albumin at 5 C for 30 minutes before flu- 
orescence microscopy. The cells were placed in an open 
perfusion microincubator (PDMI-2) (Medical System 
Corp., Greenvale, NY) and stimulated by human gastrin- 
17 (107!* to 107° M) diluted in either 0.5% FCS or normal 
saline at 37°C. Furthermore, to examine the effect of hu- 
man gastrin-17 on mobilization of intracellular calcium, 
a calcium-free KRH solution with ethylene glycol tetra- 
acetic acid (5 mM) was employed as an incubation buffer 
instead of KRH. Fura-2 fluorescence intensity was mea- 
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Fic, 1. Effect of human gastrin-!7 on growth of (A) AGS-P, (B) AGS- 
10, and (C) AGS-12. In this figure and the following figures, error bars 
indicate standard error of the mean. *p < 0.05 vs control. 
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FIG. 2. Effect of JMV 320 on growth-stimulatory effect of gastrin on 
AGS-P cells. *p < 0.05 vs. control; #p < 0.05 vs. gastrin alone. 


sured using a dual-wavelength excitation spectrofluorom- 
eter (Spex Industries, Inc., Edison, NJ). The excitation 
light was obtained from a xenon high-pressure lamp at 
wavelengths of 340 nm and 380 nm (band width: 10 nm). 
Intracellular calctum was calibrated by lysing cells with 
0.03% Triton X-100 and by using 5 nM ethylene glycol 
tetra-acetic acid. Concentration of intracellular calcium 
was calculated by the method of Grynkiewicz et al.,!4 using 
a Kd for calcium as 224 nM. 


Statistical Analysis 


Data from each study were analyzed by unpaired t test, 
and significance was assumed for p value less than 0.05. 


Results 


Effect of Human Gastrin-17 and Gastrin Receptor Antag- 
onists on Growth of AGS-P, AGS-10, and AGS-12 Cells 


Human gastrin-17 stimulated growth of AGS-P cells, 
which have gastrin receptors, in a dose-dependent fashion. 
Stimulatory effects became apparent at the fourth day 
after addition of gastrin and continued to the eighth day, 
when growth of cells without gastrin became confluent 
(Fig. 1A). Addition of gastrin every other day showed re- 
sults similar to those of single addition of gastrin (data 
not shown). Growth of AGS-10 cells, which also have 


TABLE 2. Effect of Gastrin on Phosphatidylinositol (PI) Hydrolysis 
in AGS-P Cells 


IP; IP, IP; IP, 


350 + 64 dpm 
295 + 29 
278 + 18 
255 + 45 


657 +127 589+ 58 
586 + 100 564+ 18 
599+ 81 533+ 28 
737+ 35 598 + 130 


Control 1595+ 37 
Gastrin 107 M 1450+ 23 
Gastrin 1076 M 1427+ 70 
Gastrin 1075M 1507 + 269 


IP, inositol monophosphate; IP2, inositol bisphosphate; IP}, inositol 
trisphosphate; IP,, inositol tetrakisphosphate. 
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TABLE 3. Effect of Gastrin on Cyclic AMP Production in AGS-P Cells 


Cyclic AMP Level 
Control 42.4 + 1.2 pmole/10° cells 
Gastrin 107% M 44.8 + 3.4 
Gastrin 107 M 44.3 + 0.8 
Gastrin 107 M 45.4 + 2.8 
Gastrin 107% M 43.2 + 2.8 


gastrin receptors, was similarly stimulated by gastrin, al- 
though a high concentration (107% M) of gastrin did not 
stimulate growth of AGS-10 cells (Fig. 1B). Conversely, 
growth of AGS-12 cells, which have no gastrin receptor, 
was not affected by gastrin at any doses tested (Fig. 1C). 

The stimulatory effects of gastrin on AGS-P cells were 
inhibited by JMV 320 in a dose-dependent fashion (Fig. 
2), but other gastrin-receptor antagonists (JMV 56, JMV 
76, and JMV 97), did not affect the stimulatory effect of 
gastrin (data not shown). A high concentration (107° M) 
of JMV 320 itself also stimulated growth of AGS-P cells 
(Fig. 2), whereas other gastrin receptor antagonists did 
not affect growth of AGS-P cells (data not shown). 


Effect of Human Gastrin-17 and JMV 320 on Phospha- 
tidylinositol Hydrolysis in AGS-P Cells 


With a short (1 minute) stimulation by human gastrin- 
17, PI hydrolysis in AGS-P cells did not occur; that is, 
the radioactive fractions of IP;, IP2, IP}, and IP, in AGS- 
P cells stimulated by gastrin were similar to those in AGS- 
P cells without gastrin (Table 2). JMV 320 did not affect 
PI hydrolysis in AGS-P cells, either by itself or by gastrin 
(data not shown). 
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Effect of Human Gastrin-17 and JMV 320 on the Pro- 
duction of Cyclic Adenosine Monophosphate in AGS-P 
Cells 


Gastrin (at all concentrations tested) failed to affect the 
production of intracellular cAMP (Table 3). Similarly, 
JMV 320 did not affect the production of cAMP (data 
not shown). 


Effect of Human Gastrin-17 and JMV 320 on the Mobi- 
lization of Intracellular Calcium in AGS-P and AGS-12 
Cells 


Intracellular calcium level in a basal condition was 135 
+ 22 nM in AGS-P cells, and the level in AGS-12 cells 
was similar (129 + 18 nM). In the absence of 0.5% FCS, 
any concentration of gastrin did not affect intracellular 
calcium level in AGS-P cells at all; however, in the pres- 
ence of 0.5% FCS, which by itself did not affect intracel- 
lular calcium level, gastrin stimulated the mobilization of 
intracellular calcium. Intracellular calcium level was in- 
creased by a range between 107!! and 107° M of gastrin. 
Response to gastrin, however, was dependent on the con- 
centration of gastrin. Both 107!° M and 107’ M of gastrin 
quickly increased intracellular calcium level, whereas 
107'!, 107°, 1078, 1076, and 107° M gastrin increased in- 
tracellular calcium level to a lesser degree (Fig. 3). Fur- 
thermore, the intracellular calcium levels increased with 
a time lag of response to these concentrations of gastrin, 
as shown in Figure 3. That is, intracellular calcium level 
of AGS-P cells responded to gastrin in a biphasic dose- 
dependent fashion (Fig. 4). 

To further clarify whether the effect of gastrin is de- 
pendent on extracellular calcium, response to gastrin was 
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Fic. 3. Mobilization of intracellular calcium ([Ca**],) in AGS-P cells in response to gastrin. Arrows indicate the time point when gastrin was added. 
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Fic. 4. Correlation between intracellular calcium level ({Ca**],) and doses 
of gastrin in AGS-P cells. 


examined in a calcium-free condition. As a result, even 
in a calcium-free condition, gastrin increased intracellular 
calcium level to a similar level to that in the presence of 
calcium in the extracellular fluid (Fig. 5). 

Conversely, gastrin failed to increase the intracellular 
calcium level in AGS-12 cells that do not possess gastrin 
receptors (Fig. 6). 
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Discussion 


To express their effects on cells, peptides must bind to 
specific cell membrane receptors that are linked to various 
intracellular signal transduction pathways, such as the 
cAMP pathway, the tyrosine kinase pathway, PI hydro- 
lysis, or mobilization of intracellular calcium. The present 
findings indicate that growth-stimulatory effect of gastrin 
on human stomach cancer cells, AGS, are mediated 
through specific gastrin receptors that appear to be linked 
to the signal transduction pathway that involves mobili- 
zation of intracellular calcium. 

In the current study, four different types of gastrin re- 
ceptor antagonists were employed. Among those, only 
JMV 320 inhibited the growth-stimulatory effect of gas- 
trin. JMV 320 is a cholecystokinin analog that is a highly 
selective antagonist for brain type of cholecystokinin re- 
ceptor (Type Il). Our findings, however, suggest that AGS- 
P cells have a third class of cholecystokinin receptor, which 
is found on parietal cells, gastric glands, and gastrointes- 
tinal smooth muscle cells.!°-?! This receptor has been re- 
ported to have approximately equal affinity for cholecys- 
tokinin and gastrin and is referred to as a gastrin recep- 
tor.'*-*! Thus, we have demonstrated that AGS-P cells 
have specific, functional gastrin receptors. 
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Fic. 5. Mobilization of intracellular calcium ({Ca**];) in AGS-P cells in response to gastrin in calcium-free medium containing 5 mM ethylene glycol 
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Kim and colleagues?” have reported that vasoactive in- 
testinal polypeptide inhibited growth of AGS-P cells 
through the intracellular second messenger, cAMP. Thus, 
when we found the growth-stimulatory effect of gastrin 
on AGS-P cells, we speculated that gastrin might inhibit 
the production of cAMP in AGS-P cells to express its 
growth-stimulatory effect. However, gastrin failed to affect 
the production of cAMP. 

Phosphatidylinositol hydrolysis has been reported to 
play an important role in growth of certain cells.” In 
the current study, however, we found that gastrin did not 
affect PI hydrolysis in AGS-P cells. 

Intracellular calctum is known to play an important 
role in growth of certain cells.” Gastrin clearly increased 
intracellular calcium levels in AGS-P cells in an unique, 
biphasic fashion. The reason for this unique response to 
gastrin is still unclear, but one explanation may be that 
AGS-P cells consist of at least two different populations 
of cells that have gastrin receptors with different sensitiv- 
ities to gastrin. Although preliminary, we have found that 
the growth-stimulatory effect of gastrin is parallel to the 
mobilization of intracellular calcium (unpublished data). 
The product of PI hydrolysis, IP3, is known to stimulate 
mobilization of intracellular calcium,” but our findings 
suggest that gastrin receptors on AGS-P cells are directly 
linked to the mobilizing system of intracellular calcium 
and are independent of PI hydrolysis. Furthermore, results 
obtained from the experiments using calcium-free me- 
dium indicate that gastrin elevated levels of intracellular 
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calcium by mobilizing calcium mainly from the intra- 
cellular organelles, but not from the extracellular fluid 
through calcium influx. 

There is no question that growth of normal and cancer 
cells are regulated by various factors through various in- 
tracellular signal transduction pathways. In the current 
study, we showed that growth of human stomach cancer 
cells was stimulated by human gastrin-17 through a spe- 
cific gastrin receptor, and that the stimulatory effect of 
gastrin was mediated, at least in part, through mobilization 
of intracellular calctum from the intracellular organelles. 
Although the complete growth-stimulatory mechanism 
of gastrin remains to be clarified, this is the first report 
that gastrin stimulates growth of human stomach cancer 
cells through specific gastrin receptors that are linked to 
the system for mobilization of intracellular calcium. 
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Dr. KIRBY |. BLAND (Gainesville, Florida): President Ochsner, Dr. 
Jones, Fellows and Guests, I wish to begin the discussion of this important 
paper by thanking Dr. Townsend and his co-authors for allowing me to 
review this manuscript in advance. Their laboratory in Galveston has 
been responsible over a number of years for elucidating the stimulatory 
and inhibitor roles of a variety of polypeptides for several gastrointestinal 
cell lines. To my knowledge, however, this is the first report to document 
that gastrin stimulates the growth of human gastric cancer cells through 
specific gastrin receptors. We have seen in the presentation by Dr. Town- 
send that specific gastrin receptors are linked to the system that initiates 
mobilization of intercellular calcium. This paper, as have others from 
their laboratory, documents that growth of normal and neoplastic cells 
are regulated by various factors. These include interleukins and cytokines, 
and these pathways may augment or suppress signal transduction. I en- 
courage the membership to review this manuscript because, again, a lot 
of data are included in that manuscript that Courtney did not have time 
to present. 

Dr. Townsend also has emphasized that synthetic human gastrin 17 
stimulates growth of the parent cell line, the AGSP, as well as the two 
clones, the variants 10 and 12, to varying degrees. Further, the highly 
selective receptor antagonists, JMV 320, statistically inhibit growth stim- 
ulatory effects on gastrin of this parenteral cell line. This effect is sustained 
in a dose-dependent fashion. Your data have convinced me, and they 
document that hormonal effects of gastrin by the PI hydrolysis as well 
as production of intracellular cyclic adenosine monophosphate are not 
responsible for the trophic or the stimulatory effects of growth of gastrin 
on human gastric cell lines. Also, the antagonist failed to effect PI hy- 
drolysis and had no effect on cyclic adenosine monophosphate produc- 
tion. It is interesting, however, that of the four different types of gastrin 
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receptor antagonists used, you found that only the 320 variant inhibited 
this growth stimulatory effect on gastrin 17. It is appropriate to note — 
and Courtney brought this out very clearly — that this receptor has 
equal afinity for gastrin as well as the cholecystokinin receptor, but we 
happen to refer to it in this model as the gastrin receptor. This laboratory 
has, therefore, documented that at a molecular level the parent neoplastic 
cell line aas specific sites that function on gastrin receptors. 

Courtney, I have a number of questions from these important obser- 
vations you have made. Because intracellular calcium plays a prominent 
role linked to signal transduction pathways, this observation may account 
for the stimulatory role of gastric neoplastic cells in this model as well 
as, perhaps, other cell lines. Could you provide us with more data that 
explain the unique biphasic responses of gastrin to increased intracellular 
calcium? And linked to that question, secondly, is this biphasic response 
because of the heterogenous population of cell lines and their variation 
and bind ng sensitivity to gastrin? 

-And the next question, because we are interested, obviously, in trans- 
ferring this technology to the bedside —~ and this is an in vitro model — 
have you completed any studies, at least any models generated thus far, 
as an in viyo preparation? And, finally, it would be interesting to know, 
would ygu anticipate other agents such as Losec (omeprasol, Merck, 
Sharp, and Dohme) or H blockers to have a similar inhibitory role to 
block the trophic effects of gastrin in vive? I enjoyed this paper very 
much, and I thank the Association for the privilege of the floor. 


Dr. JOSEF FISCHER (Cincinnati, Ohio): President Ochsner, Secretary 
Jones, Every medical student, even the ones that we currently educate 
— and thet is saying quite a bit — knows that achlorhydria is associated 
with an increased incidence of carcinoma of the stomach. And I think 
this paper today probably goes a long way into elucidating that relation- 
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ship. As Dr. Townsend pointed out in his really excellent presentation 
and in a very nice paper, this is not, however, a simple relationship. One 
of the things he showed in the slide and commented on in the manuscript 
was that a high dose of gastrin, 1076 molar, does not stimulate the growth 
of cells. And, as he pointed out and elaborated on, high doses of JMV 
320, 105 molar, stimulate the growth of gastric cancer cells. This suggests 
that the relationship is really not a simple one, and as Dr. Bland has 
already mentioned, the other three antagonists do not seem to have any 
effect at all on the inhibition of gastric cancer cell growth. Now it is true 
that JMV 320, judging from its structure, which is really quite different 
from the other antagonists, probably does have antagonist effect. So one 
could explain away the fact that it stimulated the gastric cell line growth 
a little bit at 1075 molar. But the fact that gastrin at 1076 molar did not 
stimulate the growth, I think, remains to be explained and suggests that 
this is a somewhat more complicated relationship than a one-to-one. In 
your manuscript, Dr. Townsend and Dr. Thompson, you also suggest 
that the relationship with calcium is also not a one-to-one relationship. 
Your 10 molar did not stimulate calcium very much and yet had a 
profound effect on the growth of cells. Some doses of gastrin stimulate 
calcium but not growth. And some doses of gastrin stimulate growth but 
not calcium. And so my first question to Dr. Townsend and Dr. Thomp- 
son is, how do you envision this interrelationship? It clearly is not one- 
to-one. Some of the antagonists that work on the gastrin side really do 
not have a similar effect on the cell lines, and so what is your explanation 
for this seeming difference? 

Second, they have so nicely shown that G-17, which is the active 
analog of a smaller portion of gastrin, has a calcium-releasing effect. And 
I am sure that they have fragments starting with G-1 to G-13 and pen- 
tagastrin, as well as probably a number of other antagonists to the smaller 
peptides; have you tried that? Is the role of gastrin in this particular 
situation merely a role of the longer chain link protecting the peptide 
from the destructive effects of proteases, or does it have some other 
effect? 

And, finally, I suppose the easiest way to try this in humans would be 
to take population at risk like people with pernicious anemia or achlor- 
hydria and give an antagonist over a long time. Do they have any estimate 
of what the latent period would be and how practical this would be as a 
clinical trial? This is really a landmark paper, and I enjoyed it very much. 


Dr. WALLACE P. RITCHIE, JR. (Philadelphia, Pennsylvania): President 
Ochsner, Secretary Scott Jones, I would like to thank Dr. Townsend 
very much for allowing me to review this manuscript because it does 
give me an opportunity to participate in this very nice two-paper mini- 
festschrift that they have organized for us today, and done very nicely, 
too. I must say I am a little surprised at being asked to discuss the paper 
because it is quite beyond my expertise in many respects. I am surprised 
but not embarrassed, because 30 years of observation in academic surgery 
have convinced me that total ignorance of a subject is no impediment 
whatsoever in discussing any subject at any length. 

Today’s presentation is another in a very fine, very intriguing series 
of studies in which this group has sought to characterize and define the 
effects of gastrointestinal hormones, particularly those with known trophic 
properties for normal gastrointestinal mucosa, on the growth of neoplasms 
_ of the gastrointestinal tract, both human and animal and both in vivo 
and in vitro. And today they have shown us -— and this is for the first 
time, incidentally — that synthetic human gastrin G-17 stimulates growth 
of a human gastric adenocarcinoma through specific gastrin receptors 
by mechanisms that are linked to the mobilization of intercellular calcium 
but are quite independent of PI turnover and cyclic adenosine mono- 
phosphate production. 

I have a few very brief questions, some of which are iterative, but I 
will ask them anyway. You have shown that receptors exist in the parent 
cell line in one of two clones. How universal do you think these findings 
would be if we looked at the whole world of gastric adenocarcinoma? 
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Have you studied — I am sure you have — other human cell lines 
besides AGS? Have you characterized the gastrin receptor in AGS? Is it 
the same gastrin receptor as found in normal parietal cells in the proximal 
stomach? I suspect the answer is yes. I think you have demonstrated in 
at least one cell line, that is, the MC-26 mouse colon cancer, that re- 
sponsiveness to gastrin wanes with time, with multiple passages of tumor 
cells over the long term, probably because of a reduction in the number 
of gastrin receptors in the tumor cells. Is this going to be the case here? 
I suspect it is not, but I think it is an important question because if in 
fact it were the case, it might impact on the potential for a gastrin receptor 
antagonist to act as an effective chemotherapeutic agent. 

Finally, as with Dr. Fischer, I wonder if vou would just comment on 
the implication of today’s findings for the two clinical conditions that I 
can think of in which there is a strong association between neoplasia 
and hypergastrinemia. One has already been mentioned, that is, perni- 
cious anemia. And the other is enterocromaffin cell-like hyperplasia, a 
consequence of profound hypochlorhydria induced by some of these 
wonderful anti-ulcer agents. It is a grand study, and I appreciate very 
much the opportunity to discuss it. 


Dr. COURTNEY M. TOWNSEND, JR. (Closing discussion): I would like 
to thank the discussants for their comments and their provocative ques- 
tions. Dr. Bland and Dr. Fischer both asked why is there a biphasic 
response and why is it not always linked to the growth response and the 
calcium response apparently is not directly related. The answer basically 
is | do not know, We did the calcium studies, so far, in the parent cell 
line. We know that is a heterogenous population of cells. It contains cells 
that do and do not have gastrin receptors. Whether that explains in part, 
we do not know yet. We will continue the examination in other clones 
that have varying amounts of gastrin receptors to try to determine that. 

We have not done any in vivo studies with this particular cell line 
using this analog. The analog is synthesized by our colleague John Mar- 
tinez in Montpelier, France, and it is a dear compound. That is why we 
have not been able to completely evaluate the effects on all the clones 
that we have shown. We hope to do that. Other agents that might block 
the growth of the cells in vivo we have not studied yet. However, Mark 
Evers showed with another human gastric cancer cell line that grew in 
nude mice that inhibition of endogenous gastrin by the synthetic pros- 
taglandin analog significantly inhibited the growth of another gastrin 
receptor—positive cell line. 

The question that Dr. Fischer asked about the structure-function re- 
lationships, that is, using gastrin analogs of various lengths, is clearly one 
that we wish to pursue, but we have not done that yet. 

In answer to both Dr. Fischer and Dr. Ritchie, clinical trials certainly 
would be intriguing to us. However, acquiring a large number of patients 
with pernicious anemia is difficult at best, and we have not embarked 
on any of those at this time. 

Specifically, then, to answer some of Dr. Ritchie’s questions, we have 
examined four different human gastric cancer cell lines. Three of the 
four have had gastrin receptors. One clearly does not, and does not re- 
spond to gastrin. 1 do not know what it would mean in the real world 
of gastric cancers. We are currently banking tissues in an attempt to 
conduct just such a survey. The characteristics of the gastrin receptor 
on this cell line have not completely been defined; we have gotten only 
preliminary results from our cross-linking studies to show that there are 
probably at least two different molecular forms of the gastrin receptor, 
and whether these will be the same or somewhat different, at least in one 
of the sub-forms, we do not know. 

And, finally, you are absolutely right. We have previously shown that 
as tumor growth progresses in the mouse colon cancer cell line, respon- 
siveness to gastrin and, in fact, the expression of gastrin receptors de- 
creases. For these studies we use cells in the similar and short passage 
differences, about only two passage differences, and we have not examined 
that, but we plan to in the future. Thank you very much. 
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Previous studies have demonstrated that Na*-dependent brush 


border glutamine transport is diminished in septic patients. To. 


examine the potential regulation of this decreased transport by 
endotoxin, cytokines, or glucocorticoids, the human intestinal 
Caco-2 cell line was studied in yitro. Na*-dependent glutamine 
transport across the apical brush border membrane was assayed 
in confluent monolayers of differentiated cells that were 10 days 
old. Uptake of 50 4M glutamine was determined after a 12-hour 
incubation with varying doses (10 to 1000 U/mL) of tumor ne- 
crosis factor-a, interleukin-1, interleukin-6, interferon-I’, and 
various combinations of these cytokines. Studies were also done 
in cells incubated with ŒE. coli endotoxin (1 ng/mL) or dexa- 
methasone (1 and 10 uM). Endotoxin, tumor necrosis factor, 
interleukin-1, and interleukin-6 alone and in combination did not 
significantly reduce Na*-dependent glutamine transport across 
the brush border of Caco-2 cells. Dexamethasone decreased glu- 
tamine transport by 20%, but this decrease was not apparent for 
48 hours. Interferon consistently decreased glutamine transport 
by 30%; this was due to a reduction in carrier maximal transport 
velocity (3427 + 783 pmol/mg protein/minute in controls versus 
2279 + 411 in interferon, p < 0.05) rather than a change in Km 
(276 + 29 uM in controls versus 333 + 74 in interferon, p = not 
significant). The combination of interferon + dexamethasone 
+ tumor necrosis factor + interleukin-1 resulted in a 38% de- 
crease in transport activity. Cytokines and glucocorticoids may 
work independently and synergistically in regulating Na*-de- 
pendent brush border glutamine transport m human intestinal 
cells. Whether these signal molecules play a central role in the 
cause of the diminished brush border glutamine transport that 
occurs in septic patients requires further study. 


the absorption of ingested nutrients. Luminal 
amino acids are taken up by the brush border of 
intestinal epithelial cells by a variety of previously de- 
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scribed transport systems.’ Uptake of most amino acids 
is mediated principally by carriers that require sodium 
for transport and thus have been called sodium-symport 
systems. These transport processes require energy to 
maintain ionic gradients and to synthesize transport pro- 
teins. In the case of enterocytes, replicating cells with a 
rapid turnover, the amino acid glutamine (GLN) is a key 
fuel as well as a precursor for nucleotide biosynthesis.” 
The small intestine plays an important role in regulating 
GLN homeostasis in normal and catabolic states, and the 
transport of GLN by gut epithelial cells has been the sub- 
ject of sonsiderable recent study.” $ | 

We recently demonstrated that transport of GLN across 
the brush border membrane of both the jejunum and 
ileum is markedly decreased in septic patients.’ Kinetic 
analysis of these data demonstrated Na*-dependent GLN 
transpart across the brush border membrane to occur 
through a single saturable high-affinity system. The de- 
crease in transport in the septic patients was due to a 
decrease in carrier maximal transport velocity, consistent 
with a decrease in number of active carriers in the apical 
brush border membrane. To study the regulation of 
transport in intestinal epithelial cells, independent of cell- 
cell interactions and changes in the microcirculation, in- 
vestigators have attempted to establish primary cultures 
of human intestinal cells. Unfortunately, these attempts 
have no:z been successful. Several attempts have also been 
made ta study amino acid transport in cell suspensions, 
but the long-term viability, differentiation status of the 
various 2ells that are harvested, and morphologic polar- 
ization cf isolated enterocytes prevent direct comparison 
with absorptive events at the apical surface of the small 
intestinal brush border in vivo. 
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Recently, we characterized sodium-dependent GLN 
transport in the brush border membrane of human in- 
testinal Caco-2 cells.’ We demonstrated that Na*-depen- 
dent GLN transport occurs predominantly through a high- 
affinity carrier (System B) that has kinetic parameters and 
an inhibition profile similar to that present in brush border 
membrane vesicles prepared from normal human je- 
junum.® Caco-2 is an established intestinal epithelial cell 
line from a human colon adenocarcinoma.”!! Caco-2 calls 
are the most relevant in vitro model for studies relatec to 
the regulation of substrate transport by small intestinal 
cells. These cells provide an excellent in vitro model that 
is directly analogous to the events of development in the 
small intestine; subconfluent cells are morphologically and 
biochemically equivalent to nondifferentiated crypt cells, 
whereas the differentiated confluent monolayer displays 
nearly all of the characteristics of mature differentiated 
enterocytes in epithelial layers.” !°!?-'4 

Because Caco-2 cells provide a useful model for the 
study of the regulation of amino acid transport by small 
intestinal cells, the purpose of this investigation was to 
study the effects of endotoxin, various cytokines, and 
dexamethasone on apical brush border GLN transport in 
confluent monolayers of differentiated cells. 


METHODS 


Reagents and Chemicals 


All chemicals and reagents used were of analytical 
quality and were purchased from Sigma (St. Louis, MO). 
Radiolabeled L-GLN was purchased from Amersham 
(Arlington Heights, IL). 


Caco-2 Cell Culture 


The human colon adenocarcinoma established cell line 
Caco-2 was obtained from American Type Culture Col- 
lection (Rockville, MD, ATCC No. HTB 37). This cell 
line undergoes enterocytic differentiation in culture char- 
acterized by a polarization of the cell layer with the for- 
mation of domes and an apical brush border that contains 
brush border enzymes.”:!> Morphologically, the cells de- 
velop desmosomes and tight junctions once they reach 
confluency and become impermeable to water-soluble 
fluid-phase markers. Cells were routinely grown in 60- 
x 15-mm Falcon plastic tissue culture dishes in 2 mL of 
Dulbecco’s Modified Eagle Medium containing 25 mM 
glucose, 25 mM HEPES, and supplemented with 10% 
fetal bovine serum, 1% nonessential amino acids, 1% 
GLN, penicillin (100 TU/mL), and streptomycin (100 yg/ 
ml). All culture reagents were from Gibco (Grand Isiand, 
NY). Caco-2 cells were grown at 37 C in a humidified 
atmosphere of 10% CO,-90% air. The medium was 
changed 24 hours after subculturing, then subsequently 
changed daily. For subculturing, the confluent cells were 
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dispersed by a treatment for 5 minutes with isotonic Ca*+- 
free phosphate-buffered saline (pH 7.4, 37 C) containing 
0.25% trypsin and 0.3% ethylenediaminetetra-acetic acid. 
The dispersed cells were sedimented in a sterile conical 
centrifuge tube at 1000g for 1 minute, and the supernan- 
tant was removed. Then culture medium (see above) was 
added to resuspend the cells to a seeding density of 1.93 
xX 10° cells/mL (measured using a hemocytometer). Fi- 
nally, 2 mL of this cell suspension was added to new cul- 
ture dishes such that each 35-mm dish was seeded with 
3.85 X 10° cells; cells were subcultures with a split ratio 
of 3:1. All of the above procedures were done under sterile 
conditions using filter-sterilized solutions (0.2 4m Gelman 
membrane filter, Gelman Sciences, Ann Arbor, MI) in a 
laminar air-flow hood. The cultures were inspected daily 
(using phase contrast microscopy) to monitor monolayer 
confluency status and to ensure normal culture health 
(dome formation, absence of contamination, etc.). 

At this point, cells were seeded at a density of ~ 60,000 
cells/cm? in each well of a 24-well (Costar, Costar Corp., 
Cambridge, MA) tray. The cells reached confluence in 5 
days; the culture medium was changed as necessary, at 
least every 1 to 2 days. The cells were studied 4 to 6 days 
later, 9 to 10 days after plating the cells, at which time 
the cells exhibited the enterocytic features described above. 


Cytokines 


Nine to 10 days after plating cells in 24-well trays, var- 
ious cytokines, alone and in combination, were added to 
the culture medium at concentrations of 10, 100, or 1000 
units/mL. The cytokines studied were tumor necrosis 
factor-a (TNF, a gift from Dr. Patricia Olsen, Chiron 
Corp, Emoryville, CA), interleukin-1 (IL-1, a gift from 
Dr. Peter Lomedico, Hoffman-LaRoche Corp, Nutley, 
NJ), interleukin-6 (IL-6, a gift from Dr. Lyle Moldawer, 
Department of Surgey, Cornell Medial School, New York, 
NY), and interferon-I' (IFN, Sigma). Additionally, trays 
of cells were incubated with endotoxin (Escherichia coli 
0127:B8, Lot 76F4053, Sigma, 1 ug/ml) or dexamethasone 
(1 and 10 uM). In all studies, control wells were from the 
same tray as the cells treated with the aforementioned 
compounds. These potential regulators were dissolved in 
sterile water at appropriate concentrations such that when 
25 uL solution was added to each milliliter of culture 
medium, the desired final concentration was obtained. 
Controls cells were treated with 25 uL of vehicle. 


Transport of Radioactively Labeled Glutamine by Caco- 
2 Cell Monolayers 


All transport studies were done at pH 7.4 at various 
timepoints (2, 4, 8, and 12 hours) after addition of the 
various compounds mentioned above. Cells incubated in 
the presence of dexamethasone were also studied after 24 
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and 48 hours of incubation. Transport studies were done 
in 24-well cluster trays (Corning Glassworks, Corning, 
New York). Transport of radioactively labeled GLN [°H- 
GLN], Amersham) by cells was assayed by a modification 
of the method described originally by Gazzola et al'® that 
we use regularly in our laboratory.'’ The lids to the 24- 
well cluster trays were modified so that they contained 
either 12- X 75-mm plastic test tubes or Beem embedding 
capsules (00, PolySciences, Warrington, PA). These lids 
allow simultaneous transfer of either 2 mL (warm or cold 
washes) or 0.25 mL (uptake mixture) medium, respec- 
tively, to each of the 24 wells, by placing the bottom of 
the tray, to which the cells are attached, upside down on 
either of the modified lids, and then rapidly inverting the 
entire unit. 

To allow for a partial depletion of intracellular and 
extracellular amino acids, the original media was dis- 
carded and replaced with 0.5 mL per well of sodium 
Krebs-Ringers Bicarbonate buffer (37 C) and incubated 
under 10% CO, at 37°C for 60 minutes. At the end of 
the 60-minute period the sodium Krebs-Ringers Bicar- 
bonate buffer was removed and the wells were rinsed with 
0.5 mL of choline Krebs-Ringers Phosphate Buffer (Chol 
KRP, 37 C) and discarded. This was followed by another 
0.5 mL Chol KRP in which the cells were incubated for 
5 minutes in a 37 C waterbath (this process removes ex- 
tracellular sodium before the transport assays). After re- 
moval of the depletion buffer, the transport assay was 


Incubate in buffers 
to deplete AA and Na 
from medium 


CrP 





Cells in culture dish 
covered with medium 





Cells solubilized 
with SDS 
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initiated by transferring 0.25 mL of the uptake medium 
at 37 C to all 24 wells. The uptake buffers were prepared 
from either sodium Krebs-Ringers Phosphate or Chol 
KRF containing the radioactively labeled amino acid ÊH- 
GLN, 6 »Ci/mL) as well as the appropriate concentration 
of unlabeled GLN. Transport measurements done using 
the Chol KRP buffer allowed us to calculate sodium-in- 
dependent GLN transport by Caco-2 monolayers. The 
transport reaction was terminated at the appropriate time 
by repidly inverting the cluster tray over a dish pan to 
remcve the uptake mixture, followed by the immediate 
rinsing of cells with ice-cold Chol KRP four times (2 mL 
per well per rinse). The trays were placed upside down on 
absorbent paper and allowed to stand for 20 to 30 minutes. 
The cells in each well were solubilized by the addition of 
200 aL of 0.2% sodium dodecyl sulfate in 0.2 N NaOH 
for 39 minutes at 22°C. At the end of the incubation 
period, 100-uL aliquots of the cell suspension were neu- 
tralizzd with 100 uL 0.2 N HCI and transferred to scin- 
tillation vials for determination of the radioactivity. The 
remaning 100 uL in each well was used to assay the pro- 
tein content by the Lowry method.'® Radioactivity was 
determined by liquid scintillation counting, and the 
transported (intracellular) °H was calculated. Transport 
veloc:ties were calculated from radioactive counts and 
prote:n values using a PASCAL computer program. A 
schematic of the technique used to assay GLN transport 
is shown in Figure 1. 


3H-GLN ice-cold buffer 





Transport stopped 
with cold buffer 





Cell extracts split 
for determination 
or protein content and 
scintillation counting 


Fic. 1. A technique for measuring glutamine transport in confluent Caco-2 monolayers. 
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Sodium-dependent GLN Transport 
(pmol/mg protein/min) 


FIG. 2, Effects of endotoxin, various cytokines, and dexamethasone on Na*-dependent glutamine transport in 9- to 10-day-old Caco-2 cell monolayers. 
Celis were grown and glutamine transport was assayed as described in Methods. The data shown are for cells incubated with sterile water (controls) 
or the indicated compounds for 12 hr before transport. The results are mean + SEM of three to six separate experiments. *p < 0.05. **p < 0.01 vs. 


control. 


Statistical Analysis 


All data are reported as mean + standard error. Each 
of the experiments was conducted independently, and 
each measurement was obtained in triplicate. The data 
in the figures represent the mean + the standard error of 
the mean of three to six separate experiments. Transport 
velocities are expressed in picomoles of GLN per milli- 
gram cell protein per minute. Data were analyzed using 
analysis of variance or Student’s t test. A p value less than 
0.05 was considered to be statistically significant. 


A 


Results 
Effects of Endotoxin and Cytokines on?7H-GLN Uptake 


Confluent Caco-2 cell monolayers were incubated with 
the various compounds shown in Figure 2 for up to 12 
hours, and Na*-dependent GLN transport was measured. 
The sodium-dependent fraction .of GLN entry, deter- 
mined by subtracting the velocity in the sodium-free me- 
dia from that obtained in the sodium-containing media, 
is a saturable function of GLN concentration. Uptake 
was found to be linear for at least 15 minutes, and the 
rate of uptake in the sodium-free media represented more 
than 80% of the total uptake at all time points. On the 
basis of these results, we used an incubation time of 2 
minutes to insure that transport assays were at initial rates 
for our remaining experiments, and we confine our results 
reported here to Na*-dependent GLN transport. All fur- 
ther experiments were carried out with a final GLN con- 
centration of 50 uM. 


Endotoxin, TNF, IL-1, and IL-6 had no effect on Na*- 
dependent brush border GLN transport when added to 
the culture medium alone. Data from the 12-hour time- 
point are shown in Figure 2. A representative timecourse 
for TNF is shown in Figure 3. Lower concentrations of 
cytokines also had no effect on uptake (data not shown). 
Only IFN alone consistently resulted in a 30% decrease 
in Na*-dependent GLN transport. An effect of IFN was 
observed as early as 4 hours, but was not statistically sig- 
nificant until the 12-hour timepoint. Small concentrations 
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- Fic. 3. Representative plot of Na*-dependent brush border glutamine 
transport in cells incubated with TNF (1000 U/mL) for varying periods. 
Multiple experiments (>3) were done in separately seeded generations 
of cells that showed that incubation with TNF, IL-1, or IL-6 at several 
doses (10, 100, and 1000 U/mL) for varying periods (2-12 hr) had no 
effect on glutamine transport. 
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Sodium-dependent GLN Transport 
(pmol/mg protein/min) 


Fic. 4. Effects of dexamethasone on Na*-dependent glutamine transport in Caco-2 cells. *p < 0.05. 


of IFN were as effective as high concentrations of IFN in 
diminishing GLN transport (Figure 4). The combination 
of TNF, IL-1, and dexamethasone decreased Na*-depen- 
dent GLN transport by 21%. When a cocktail-of IFN (100 
~ U/mL), dexamethasone (1 uM), TNF (1000 U/mL), and 
IL-1 (1000 U/mL) was added to confluent monolayers, a 
38% decrease in Na*-dependent GLN transport was ob- 
served (Fig. 2). 


Effects of Dexamethasone on Na*-dependent Glutamine 
Transport by Caco-2 Cells 


Similar studies were done in cells incubated with dexa- 
methasone (1 and 10 uM) for varying periods (4, 12, 24, 
48 hours). The results demonstrated that dexamethasone 
had no effect on GLN transport across the brush border 
of confluent Caco-2 monolayers except at the 48-hour 
timepoint, when transport in dexamethasone-treated cells 
was diminished by 20% (Fig. 5). Thus, cytokines (es- 
pecially IFN) may exert relatively acute effects on GLN 
transport, whereas glucocorticoid effects are moderate and 
occur in a more chronic fashion. 


Transport as a Function of Glutamine Concentration/Ki- 
netics of ŻH-GLN Uptake 


Because IFN consistently caused a 30% to 40% decrease 
in Nat-dependent GLN transport, we examined the effects 
of IFN on transport kinetics. Glutamine uptake by Caco- 
2 cells was measured at various GLN concentrations 
ranging from 50 uM to 5 mM in the presence of both 
Nat and choline gradients. The kinetic parameters of the 


Nat-Gependent transporter in control and IFN-treated 
(100 U/mL) were determined using the following equa- 
tion: 


yrotal = pNadep + JNa-indep 4 JP (A) 


where: J‘! refers to total uptake in the presence of Na‘, 
JNe-deP refers to Na*-dependent carrier mediated uptake, 
yN«incep denotes Na*-independent carrier-mediated up- 
take, and JP refers to diffusional uptake. Uptake in the 
absence of sodium (in the presence of choline) is sum- 
marized by the following equation: 


yChol — yNa-indep 4 yD (B) 
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Fic. 5. Effects of IFN on Na*t-dependent brush border glutamine transport 
in 9- to 10-day-old Caco-2 cell monolayers, Data are the mean + SEM 
of four separate experiments. The data shown are for cells incubated 
with vatious doses of IFN for 12 hr. *p < 0.01. IFN decreased GLN 
transpodt at earlier time points, but this decrease did not reach statistical 
significance. , 
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The net Na*-dependent carrier-mediated fraction of 
uptake was determined by subtracting equation (b) from 
equation (a). A saturation plot (Na*-dependent GLN up- 
take velocity versus [GLN]) for control and [FN-treated 
cells is shown in Figure 6. When the results were plotted 
as JNa yersus J? /(GLNI], they demonstrated that the 
data could be fitted by a single linear regression line. This 
indicated that GLN uptake by Caco-2 cells occurs pre- 
dominantly through a single saturable Na*-dependent 
transporter, similar to what we had previously reported.’ 
A representative Eadie-Hofstee plot for control and IFN- 
treated cells is shown in Figure 7. When data from four 
separate kinetic studies were averaged, it was apparent 
that the decrease in transport we observed in Figures 4 
and 6 was due to a 33% reduction in carrier maximal 
transport velocity (3427 + 783 pmol/mg protein/minute 
in controls versus 2279 + 411 in IFN, p < 0.05, paired t 
test) rather than a change in Km (276 + 29 uM in controls 
versus 333 + 74 in IFN, p = not significant). 


Discussion 


The effects of endotoxin, various cytokines, and dexa- 
methasone on Na*-dependent GLN transport across the 
brush border membrane of differentiated confluent Caco- 
2 cells were studied in the hopes of gaining further insight 
into the metabolic role the small intestinal epithelial cell 
plays in intestinal GLN uptake during septic states. Our 
interest in studying the potential regulation of brush bor- 
der GLN transport by these compounds was stimulated 
by previous studies that showed that intestinal GLN 
transport was diminished in septic patients and in en- 
dotoxin-treated rats.” We focused on the 12-hour time- 
point because our previous studies showed a clearcut de- 
crease in carrier maximal transport velocity 12 hours after 
a single dose of E. coli endotoxin. Interestingly, in the rat, 
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FIG. 6. Saturation plot of Na+-dependent glutamine transport in Caco- 
2 cell monolayers. Transport was assayed [2 hr after IFN or sterile water 
(control) was added to the cell culture medium. Transport in IFN-treated 
cells was decreased compared with control cells at all glutamine concen- 
trations. 
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FiG. 7. Eadie-Hofstee plot of Na*-dependent glutamine uptake kinetics 
in control (r = 0.78) and IFN-treated (100 U/mL) (r = 0.88) confluent 
Caco-2 monolayers. Transport velocity was plotted as a function cf ve- 
locity/(glutamine). A single saturable transporter system was present in 
both control and IFN-treated cells as shown by single straight lines. A 
representative plot is shown. Data from four different experiments (from 
separately seeded Caco-2 cell generations) showed a 33% decrease in 
V max (3426 + 783 pmol/mg protein/min in controls vs. 2279 + 411 in 
IFN, p < 0.05, paired t test). IFN did not alter transporter affinity (1 
= 276 + 29 in controls vs. 333 + 74 in IFN, p = NS). 


a biphasic response is observed characterized by an early 
(4 hours after endotoxin treatment) increase in GLN 
transport before the 12-hour decrease in uptake. In the 
investigations reported in this manuscript, we did not ob- 
serve an increase in GLN transport at any timepoint with 
any of the mediators we investigated. Thus, in the current 
study, cytokines could account for some but not all of the 
changes we previously observed in our animal studies. 
Most likely other factors, such as hypoxia and changes in 
the local pH environment, also play a role in regulating 
GLN uptake from the gut lumen. Endotoxin also might 
“injure” the Nat K* adenosine triphosphatase enzyme, 
which could decrease transport under certain circum- 
stances because many amino acid transporter systems are 
energized by Na* electrochemical gradients. Nonetheless, 
our experiments demonstrate that cytokines and gluco- 
corticoids may work independently and synergistically in 
regulating Na*-dependent brush border GLN transport 
across the brush border. Previous studies using brush bor- 
der membrane vesicles from the glucocorticoid-treated 
dog are consistent with our observations.!” 

To study GLN transport in isolated human enterocytic 
cells, we used confluent differentiated monolayers of Caco- 
2 cells. Before the current study, studies designed to ex- 
amine the regulation of GLN transport across the brush 
border have been done in brush border membrane vesicles 
prepared from animals and patients.*° The advantage of 
membrane vesicles is that they reflect transport in vivo. 
Vesicles also allow us to study transport separate from 
cellular metabolism. Transport activity in vesicles, how- 
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ever, is not examined independent of other influences such 
as cell-cell interactions and changes in the microcircu- 
lation. Consequently, investigators have attempted to use 
cultured intestinal epithelial cells to examine various 
physiologic events because the regulation of such events 
can be studied separate from endocrine and paracrine 
factors. Although a variety of methods have been used to 
prepare isolated enterocytes, the viability of these cells 
has proven to be short-lived, and attempts at long term 
cell culture have been unsuccessful. The advantage of dif- 
ferentiated Caco-2 cells in monolayer culture is that they 
can be maintained in a nonreplicating state for a period 
long enough to allow us to study regulatory events that 
take at least several hours to occur. 

Caco-2 is an established intestinal epithelial cell line 
from a human colon adenocarcinoma.”!® The Caco-2 
apical membranes express Na*-coupled glucose cotrans- 
porters, Na*/phosphate cotransporters, and on differen- 
tiating, they express greater amounts of brush border 
digestive enzymes such as sucrase-isomaltase, maltase, 
lactase, trehalase, gamma-glutamyltranspeptidase, and 
alkaline phosphatase.”?-> A rapidly growing literature 
substantiates the favorable comparison of Caco-2 cultures 
with normal intestinal cells. Postconfiuent Caco-2 cells 
synthesize and secrete lipoprotein and produce mRNAs 
for growth factors and receptors.!> Thus, the Caco-2 cell 
provide an excellent tool for the study of cytoplasmic 
amino acid transport in intact cells. The kinetic param- 
eters of the GLN transporter that we described in con- 
fluent Caco-2 monolayers are similar to those we observed. 
in brush border membrane vesicles from normal human 
small intestine.° 

Cytokines are polypeptide molecules produced by a va- 
riety of cells in response to bacteremia and endotoxemia. 
They are responsible for many of the metabolic responses 
that occur during severe infection. In addition, they appear 
to be important regulators of GLN transport in many 
different tissues. For example, both TNF and IL-! stim- 
ulate GLN transport by endothelial cells.” Glutamine 
transport in hepatocyte plasma membrane vesicles from 
TNF-treated- or [L-1-treated rats is increased 50% to 80% 
(Souba, unpublished observations). Conversely, TNF 
causes a 45% decrease in System ASC-mediated GLN 
transport by human fibroblasts.” The current investiga- 
tions indicate that cytokines also regulate GLN transport 
in the intestine. Of key significance is that endotoxin did 
not alter Na*-dependent GLN transport across the brush 
border of Caco-2 cells at any timepoint. Thus, the decrease 
in luminal GLN transport we observed in septic patients 
and endotoxin-treated rats was probably not due directly 
to endotoxin, but rather was caused other signals produced 
as a consequence of endotoxemia. In the current study, 
only IFN alone resulted in a decrease in transport; com- 
bination treatment also had a slight effect. In the absence 
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of IFN, this required dexamethasone, consistent with a 
permissive effect exerted by glucocorticoids. Previous in- 
vestigators have demonstrated that glucocorticoids can 
enhance cytokine activity by increasing receptor expres- 
sion on the cell membrane.”° 

Our observation that IFN results in a significant de- 
crease in sodium-dependent brush border GLN transport 
by confluent Caco-2 monolayers is important because IFN 
is generally viewed as as cytokine that has immunologic 
rather than metabolic effects. This cytokine increases re- 
spiratory burst activity? and killing activity of host mac- 
rophages *° and can be produced by circulating human 
lymphocytes.*! To our knowledge this is the first report 
that shows that IFN modulates the activity of an amino 
acid transporter. Our results indicate that IFN decreases 
GLN transport by decreasing the maximal transport ve- 
locity of the carrier. This is consistent with a decrease in 
the number of functional transport molecules in the brush 
border membrane. This may occur secondary to a de- 


crease in the rate of de novo carrier biosynthesis, an in- 


crease in the rate of carrier breakdown, or from the syn- 
thesis of some inhibitory protein that blocks transporter 
function. As mentioned earlier, the specific role that cy- 
tokines play in the cause of the diminished brush border 
GLN transport that occurs in septic patients requires fur- 
ther study. 

Various distinct amino acid transport systems have 
been defined on the basis of their amino acid selectivities 
and physicochemical properties,' each system presumably 
relating to a discrete putative membrane-bound trans- 
porter protein. None of these carrier proteins has been 
identified or isolated, so investigators have relied on ki- 
netic and competitive-inhibition analyses to define and 
characterize the individual systems. The uptake of GLN 
as well as other neutral amino acids across mammalian 
cytoplasmic membranes have been categorized according 
to substrate specificity, effects of external pH changes, so- 
dium-dependent and independent systems, and sensitivity 
to hormones. On the brush border membrane of the small 
intestine, a neutral brush border system (system B) has 
been characterized’>*> that appears to be distinctly dif- 
ferent from other more ubiquitous sodium-dependent 
systems. The neutral brush border carrier transports 
most neutral amino acids, including alanine, cysteine, 
and GLN. 

Characterization of carrier-mediated substrate transport 
across cell membranés includes determining the maximal 
transport velocity and the Michaelis constant (Km) of the 
specific transporter. Although most amino acid carriers 
transport several different amino acids, the kinetic pa- 
rameters for each amino acid transported by the same 
carrier protein should be quite similar. In general, the 
transport activity of a specific carrier can increase or de- 
crease in two principal ways: either the affinity of the 
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transporter for its substrate changes or the number of ac- 
tive transporters in the cell membrane changes. Concep- 
tually a decrease in transporter affinity occurs because the 
conformation (tertiary structure) of the carrier protein (or 
possibly an adjacent comodulator protein) changes such 
that the substrate binds less readily (less rapidly, less 
tightly) to its binding site on the transporter. Presumably 
such a change would result in fewer molecules translocated 
into the cell in a given period. 

The second general way that the rate of GLN transport 
across the brush border could be diminished is to decrease 
the number of transporter proteins in the cell membrane. 
As best we know, this usually involves a decrease in de 
novo protein synthesis, often of the carrier itself. Alter- 
natively, a regulatory protein could be synthesized that 
represses transporters that are active. More exact eluci- 
dation of these mechanisms will be possible when the spe- 
cific genes encoding for the various carrier proteins are 
cloned. 

Several questions arise. Why should system B trans- 
porters in the brush border be reduced in number if GLN 
is sO important to the enterocyte, especially in times of 
critical illness? Is this response adaptive or due to a gen- 
eralized impairment in protein synthesis from cell injury? 
We think the response is adaptive (unless the insult is so 
severe that it results in cell death) for several reasons. First, 
at a time when transport activity is diminished, the activity 
of other vital intracellular proteins is likely to be increased. 
Second, vesicles from endotoxin-treated rats exhibit a bi- 
phasic response to endotoxin: an early stimulation of GLN 
transport followed by a decrease in transport. Possibly, 
the cell is prioritizing protein synthesis at a time when 
substrate precursors are limited. Moreover, in the overall 
scheme of organ hierarchy, perhaps the gut becomes sub- 
servient to the liver, which becomes the principal organ 
of GLN uptake in sepsis. 

Previous studies in our laboratory have demonstrated 
that the small intestine plays a key role in interorgan GLN 
flow in normal and catabolic disease states. Intestinal up- 
take of GLN from both the lumen and bloodstream is 
decreased in septic patients and in endotoxin-treated 
rats.>° In the current study, Caco-2 confluent monolayers 
were used to study the regulation of brush border GLN 
transport in vitro. The consequences of the decrease in 
GLN transport that occurs in Caco-2 cells incubated with 
cytokines is unknown. Similar cytokine-mediated de- 
creases in GLN transport are observed in rat intestinal 
crypt cells (Souba, unpublished observations). Intestinal 
uptake of circulating GLN is also decreased in vivo in the 
IL-1-treated rat, suggesting that cytokines may also mod- 
ulate basolateral membrane GLN transport. We have be- 
gun transport studies in Caco-2 cells grown on millipore 
filters that allow us to study basolateral membrane trans- 
port in vitro. Several in vivo studies suggest that a persistent 
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decrease in GLN availability is detrimental to the intes- 
tinal mucosa. These studies are consistent with an absolute 
GLN requirement by the enterocytes. 

The intestinal epithelium is a rapidly renewing tissue 
that exhibits high rates of cell replication. Undifferentiated 
crypt cells arise from stem cells, and on starting rapid 
proliferation, the increased protein synthesis rate results 
in an increased demand for amino acids. Once the cells 
migrate up out of the crypt zone to the villus tip, they 
become differentiated nondividing enterocytes whose pri- 
mary function has traditionally been viewed to be one of 
digestion and absorption. It now apparent that the gut 
mucosa also occupies a central role in the response to 
injury and infection. Although most of the research in 
this area has been directed to studying the gut mucosal 
barrier, the work presented here further substantiates the 
important role the gut occupies as a nitrogen processing 
station. How intestinal metabolism influences gut struc- 
ture and function is still unclear, but the current studies 
emphasize the need to continue such investigations. 
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DISCUSSION 


Dr. NEAL GARRISON (Louisville, Kentucky): President Ochsner, Sec- 
retary Jones, Members and Guests, I rise to compliment Drs. Souba and 
Copeland on an outstanding and very sophisticated piece of work, most 
especially Dr. Copeland for the foresight to bring the slides with him in 
preparation for this talk. It is one of a continuing series of investigations 
into the metabolism of glutamine that has come from the laboratories 
of the University of Florida. Dr. Souba provided me with a finished copy 
of this work along with several background reprints, which allowed me 
to do my homework and helped me tremendously i in understanding this 
phenomenon. 

The focus of this work is to outline where the utilization of glutamine 
is depressed or altered during sepsis or stress states and whether this 
depression can be circumvented and, thus, beneficial to the patient. I 
have two questions for the authors: In view of the fact that during stress 
there is a marked reduction in mucosal blood flow during sepsis with a 
presumed state of ischemia produced, what effect does altered pH or 
reduced energy production secondary to oxygen deprivation have on 
this process of glutamine metabolism? I assume it is an energy-driven 
overall system, the metabolism of glutamine, and thus, in tissue culture 
the local environment usually is held constant. 

My second question is, what is the evidence that cytokines that you 
used in these experiments are directly exposed z0 mucosal cells in the 
normal anatomic situation? It is my understanding that most of these 
molecules work through receptors on endothelial cells or other white 
blood cells but not necessarily directly on functional mucosal cells. I 
thank the Association for the privilege of the floor. 


Dr. JOSEF FISCHER (Cincinnati, Ohio): President Ochsner, Secretary 
Jones, Members and Guests, I apologize for rising again. I did get the 
manuscript several weeks ago and did have the opportunity to review 
some of this excellent work that has been presented in the past. In the 
continuing elucidation of some of the changes in sepsis and glutamine, 
Dr. Souba and Dr. Copeland have pointed out that there are really some 
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profound changes that take place in the gut mucosa. In this case, in 
dealing with glutamine, which is a major energy source physiologically, 
the dire:tion is decreased. That is, glutamine uptake is decreased, And 
that is mu a little bit of a contradistinction to what happens elsewhere in 
the gut, zuch as increased protein synthesis and, presumably, the increased 
protein synthesis that goes on in the liver, which is partially influenced 
in the gut. 

Į am ander some strictures in my discussion. Dr. Copeland pointed 
out verv clearly to me when he gave me the paper and told me Dr. Souba 
was noz going to be here, that I am not to ask any questions about 
science. just the political implications of his findings. However, I really 
cannot esist. So, Ted, I will hang a couple of fast balls over the plate. 
First of all, this group is having the same difficulty that everybody else 
has who works with the small intestine. It is really impossible to get the 
cells the. you isolate in vivo to survive for more than 60 minutes, and it 
is really difficult to get the cells to survive in a way that you are convinced 
that they actually can do things you want them to after 30 of those 
minutes So they have to use, as we do, the CACO-2 culture, which is a 
good mzdel for the cell as far as it goes. The problem with the CACO- 
2 culture is the actual overall model. You have to add the material to 
the well And they pointed out this difficulty very nicely in the manuscript 
by show ng that although endotoxin, as they presented last year, works 
very wel , if you add endotoxin to the well, it does not do anything. So, 
therefore, I think you would have to add a word of caution to some of 
the conc.usions not based on the excellence of the work, which is really 
first class, but on the model, as to whether or not you can conclude that 
the cytosines either do or do not have much to do with what is happening. 
I think me could accept interferon as having an effect on the decreased 
glutamize transport, but I think one should exercise a note of caution 
before really concluding that interleukin-1, for example, or interleukin- 
6, do na. have anything to do with it. Because one then would have to 
show, as they did with endotoxin, that you inject the interleukin-! or 
the inte-eukin-6 or the tumor necrosis factor into a rat and substitute 
the rat strum for the fetal calf serum, 10% for example, and then see 
what happens. So my first question is, in fact, have you done this? 
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Another way of approaching this issue is to use a combination of 
effects in vivo, which they have done in vitro. So my second question is, 
have they carried out some of the combinations such as interleukin-| 
and tumor necrosis factor in the intact rat and then tried to transpose 
the serum? The third way of approaching it actually in the well might 
be to use an interleukin-1 receptor antagonist, which are now available, 
that might conceivably affect the glutamine transport in vitro despite the 
fact that interleukin-I does not have an effect in vitro. 

And, finally, I am having a little bit of a problem really correlating 
all of these changes in sepsis. I will accept the fact that glutamine trans- 
port is decreased In vivo and, seemingly, in vitro in a model that is 
similar. But there are some other things that go in the gut that are 
energy-requiring, like protein synthesis, which is increased dramatically. 
In our laboratory we have shown that one of the things the gut appears 
to be doing is synthesizing tremendous amounts of things like vasoactive 
intestinal polypeptide and PYY and releasing them, presumably in 
portal (ph) circulation, which may be a signal to the liver. We know 
that glutamine really is an essential energy source for this particular 
process. Your block of glutamine with DON synthesis decreases. When 
you substitute other energy sources like acetoacetate, it increases again. 
How do you put this all together? There is a biphasic response you 
showed last year with endotoxin in which glutamine transport first 
increases, then decreases. Is this a way in which this could be reconciled? 
I really enjoyed this whole series of papers very much and will look 
forward to what, undoubtedly, will be a greater presentation with Dr. 
Souba closing. Thank you. 


Dr. J. RAYMOND FLETCHER (Mobile, Alabama): Thank you, Dr. 
Ochsner, Dr. Jones, Guests, Members of the Southern Surgical. I have 
to congratulate Drs. Souba and Copeland for such an elegant study, 
designed to determine the mechanisms of decreased uptake of glutamine 
in the small intestine in septic patients. The authors used cultured en- 
dothelial cells exposed to a variety of mediators. It was presented very 
nicely by Dr. Copeland. . 

It is well known that endotoxin in animals and humans at much lower 
doses than used in this study elicit the release of many mediators, in- 
cluding interleukin-1, tumor necrosis factor, the prostaglandins, and 
platelet-activating factor, all of which have potent effects on the gastroin- 
testinal tract; platelet-activating factor, perhaps, having the most profound 
changes. In the current study, the authors demonstrate no effect of en- 
dotoxin on this glutamine uptake in these cells, a surprising finding with 
the duration of the experiment, because endotoxin is known to release 
tumor necrosis factor and interleukin-1 in viyo. 

There are a few questions that I would like to ask the authors to 
respond to: Do these culture cells behave in a similar fashion to in vivo 
responses? I know you alluded to the fact that they did; however, do you 
have other pieces of information that suggest that these cells do respond 
as the in vivo responses have demonstrated before? 

Two, are there receptors for endotoxin on these cells, and has that 
been characterized in this cell line? And I’m not educated about this 
particular cell line. This is a very complex inter-relationship, as has been 
implied. Iam curious about the mechanism by which the dexamethasone 
participates in this diminished response, as you have demonstrated. 

Three, do you have any data on the effects of platelet-activating factor 
in such a system in this model, or have you used any specific antagonists 
or monoclonal antibodies to sort out the specific effects? The mechanisms 
involved in cellular effects in sepsis are very important, and I applaud 
the authors for their contributions in this field and with their elegant 
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studies. In general, in vitro studies are important in defining mechanisms, 
as Dr. Copeland implied, as did Dr. Fischer. I would caution against an 
interpretation that implies that these data are applicable directly to the 
in vivo systems. I want to thank the Association for the privilege of 
discussing this paper, 


Dr. EDWARD M. COPELAND III (Closing discussion): To take Drs. 
Fletcher and Fischer’s questions together: Correct, you cannot take ex- 
periments done in vitro and apply them directly to an in vive model. On 
the flip side of that coin, I think probably in the field of surgery, we have 
been able to make such applications better than virtually any other med- 
ical field. So I just offer that observation, Dr. Wiley Souba and a couple 
of the physiologists at our place have been the people who described 
various sodium-dependent and sodium-independent transport mecha- 
nisms. In fact, Dr. Souba and Dr. Bruce Stevens described what they 
call System B. So we are in a new frontier here, and many of the things 
that both Drs. Fletcher and Fischer suggest are experiments that need 
to be done. We appreciate their suggestions, are glad that they are re- 
corded, and are in fact doing some of the experiments currently. For 
example, to move on to Dr. Garrison’s questions, hypoxia clearly has 
an effect; pH clearly has an effect. The pH of the jejunal brush border 
is probably neutral simply because of pancreatic juice and bile and because 
of the mucous layer covering it. Nevertheless, pH does need to be studied. 
I am absolutely certain that hypoxia, particularly in an endotoxic shock 
model, will have an effect. Nitric oxide, a very popular compound for 
all of us studying metabolism today, probably has an effect. Endotoxin, 
no doubt, poisons the sodium potassium ATPase transporter. What this 
effect will be is unclear. 

We are investigating hypoxia now. You can plate CACO-2 cells on 
Millipore filters to study a hypoxic effect. By such a mechanism, you 
can study both the luminal side and the basal lateral membrane side. 
We hope to have some of this information available for you soon. As 
an enterocyte matures to the top of a villous, it becomes a cell that 
participates in absorption, nitrogen processing, and reprioritization of 
glutamine delivery. Glutamine, of course, is an important fuel for virtually 
all organs. The major process of glutamine and its major utilizer is the 
gastrointestinal tract, particularly the small bowel. But other organs need 
glutamine, and there is a limited supply of it during critical illness. The 
fact that the gut downregulates its need for glutamine when the liver, 
fibroblasts, and immunologically active cells have an increased need for 
glutamine is quite interesting and may be the reason that endotoxin or 
sepsis downregulates the gut’s need for glutamine. The gut cannot tolerate 
this downregulation very long, obviously, but we do not know how long 
“long” is. Returning to Dr. Fletcher’s questions about what happens to 
CACO-2 cells if you leave them exposed to cytokines for lengthy periods 
of time, I do not honestly know the answer. Prolonged exposure, however, 
to an acid pH, hypoxia, or certain cytokines may result in bacterial 
translocation. 

Dr. Garrison asks how cytokines gain access to the lumen? Well, lym- 
phocytes are within the bowel wall and produce cytokines. Bacteria die 
and release endotoxins. So, I think there are multiple ways cytokines 
gain access to the lumen. Cytokines clearly gain access to the basal lateral 
membrane via the circulation or via local production in Peyer’s patches. 
Have we used antagonists? No. Dexamethasone functions as a stress 
hormone and, in this particular experiment, its effect was permissive 
and potentiated the decrease in glutamine transport when combined 
with interleukin-] and tumor necrosis factor. 
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To gain information on the pathogenesis of ileal recurrence, 86 
patients with Crohn’s disease undergoing their first ileocolic re- 
section were randomized to receive either an end-to-end (n = 47) 
or side-to-end (n = 39) anastomosis. The demographic and clin- 
ical characteristics of both groups were similar. There were no 
statistically significant differences between the two groups in 
postoperative complications or in the subsequent development 
of symptomatic or documented recurrences. Among the 43 pa- 
tients with follow-up in the end-to-end anastomosis group, there 
were 10 documented ileal recurrences (23%), and all involved 
distal ileum in the characteristic preanastomotic location. Among 
the 35 patients with follow-up in the side-to-end anastomosis 
group, there were 11 documented recurrences (31%, not signif- 
icant). The ileal recurrence pattern could be determined accu- 
rately in five of these 11 patients and involved the ileum adjacent 
to the colon, but spared the distal ileum in the blind pouch. This 
study suggests that the fecal stream and reflux of colonic contents 
are important factors in determining the pattern of ileal recur- 
rence after ileocolectomy for Crohn’s disease. 


of distal small bowel and proximal colon char- 

acteristically involves the small bowel just prox- 
imal to the anastomosis." This typical recurrence pattern 
was noted by Crohn in his original article published in 
1932.7 He attributed preanastomotic recurrence to in- 
adequate resection, assuming that residual disease had 
been left in the distal ileum. A variety of other explana- 
tions have been offered for the pattern of recurrence after 
resection.* These include passage of an agent from mes- 
enteric lymph nodes to the resection margin; the presence 
of the suture line itself, which could induce local ischemia 
or local immunologic changes; or reflux of colonic con- 
tents into the ileum.?* Restoration of enteric continuity 
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by sid2-to-end anastomosis allows assessment of some of 
these explanations. With this type of anastomosis, a small 
blind pouch of ileum is exposed to mesenteric lymph 
nodes and contains a suture line, but is not directly in the 
fecal stream and should not be exposed to reflux of colonic 
contents. Therefore, a prospective randomized study was 
carried out to compare similarities and differences in the 
recurrence pattern after end-to-end and side-to-end anas- 
tomosis (Fig. 1). Ta 


Clinical Material 


Between April of 1983 and February of 1991, 92 pa- 
tients undergoing first-time resection of terminal ileum 
and proximal right colon for Crohn’s disease were ran- 
domized to receive either an end-to-end or side-to-end 
anastomosis. Randomization was performed at the be- 
ginning of the operative procedure by picking from an 
envelope a card on which was written either end-to-end 
or sid2-to-end. Six patients were subsequently excluded 
from énalysis. In two patients the pathology of the resected 
specimen did not confirm the preoperative diagnosis of 
Crohr’s. disease. In one patient, an end-to-side anasto- 
mosis was performed in error instead of a side-to-end il- 
eocolostomy. An additional patient underwent a side-to- 
side anastomosis for technical reasons. A decision was 
made in a fifth patient, after randomization, not to per- 
form a resection. The final patient had only small bowel 
resected, and therefore was excluded. This left 86 patients 
in the study. 

All patients underwent resection of all gross disease in 
the terminal ileum, or terminal ileum and proximal colon, 
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FIG. 1. After ileocolic resection, the ileocolostomy was performed in either (A) an end-to-end or (B) a side-to-end fashion on a random basis. 


taking approximately a 5-cm margin of normal bowel 
both proximally and distally. End-to-end anastomoses 
were performed in a standard fashion with an inner con- 
tinuous layer of absorbable synthetic suture material, and 
an outer layer of interrupted silk. Side-to-end ileocolos- 
tomies were performed with a similar technique, after 
closing the end of the ileum with an inner continuous 
layer of absorbable synthetic suture material, and an outer 
layer of interrupted silk. The blind pouch of ileum in the 
side-to-end group was approximately 1 inch in length. 

Age of the 86 patients ranged from 12 to 68 years, with 
a mean of 31 years. Thirty-nine patients were men, and 
47 were women. Disease duration before surgery ranged 
from 0.2 to 25 years, with a mean duration of 6.4 years. 
Body weight ranged from 34 to 99 kg, with a mean weight 
of 60 kg. Preoperative hematocrit varied from 28% to 
49%, with a mean of 37%. White blood count ranged from 
3.1 to 21 thousand, with a mean of 9.8 thousand. Serum 
albumin levels ranged from 2.3 to 5 g/dL, with a mean 
of 3.9 g/dL (Table 1). 

The most common indications for surgical intervention 
were partial intestinal obstruction with crampy abdominal 
pain and diarrhea, fistula formation, or intra-abdominal 
abscess (Table 2). Before surgery, all patients had received 


drugs in an attempt to ameliorate their symptoms, and 
to control their inflammatory bowel disease. The medi- 
cations used and the length of time administered were 
extremely variable. At surgery, all patients underwent re- 
section of the terminal ileum and proximal colon for ileal 
or ileocolic Crohn’s disease. In addition, eight patients 
had resection of another segment of small bowel (1) or 
large bowel (7), one had a stricturoplasty performed, 31 
had division of one or more entero-enteric, enterovesical, 


TABLE 1. Patient Demographics 


Type of Anastomosis 


End to End Side to End Total 

Patients 47 39 86 
Age (yr) 31 (12-60) 31 (14-68) 31 (12-68) 
M/F 19/28 20/19 39/47 
Disease duration 

(yr) 6.3 (0.2-20) 6.6 (0.5-25) 6.4 (0.2-25) 
Weight (kg) 60 (34-94) 6i (34-99) 60 (34-99) 
Hematocrit (%) 37 (28-43) 38 (30-49) 37 (28-49) 
White blood count 

(1000) 9.7 (3.1-21) 9.9 (5.0-16.1) 9.8 (3.1-21.0) 
Albumin (g/dL) 3.8 (2.3-5.1) 4.0 (2.9-5.0) 3.9 (2.3-5.1) 
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TABLE 2. Indications for Surgery 


Type of Anastomosis 


End to End Side to End Total 

Patients 47 39 86 
Surgical indications 

Total obstruction 0 l I 

Partial obstruction 4] 33 74 

Bleeding 0 l l 

Perforation ] 0 Í 

Fistula 16 15 31 


Abscess 6 4 10 


Some patients had more than one indication for surgery. 


or enterovaginal fistulas, and 10 had drainage of an intra- 
abdominal abscess. 

Forty-seven patients were randomized to receive an 
end-to-end ileocolostomy, and 39 patients were random- 
ized to receive a side-to-end ileocolostomy. The demo- 
graphics and clinical characteristics of these two groups 
did not differ significantly one from the other, or from 
the group as a whole (Table 1), A mear of 28 cm of small 
bowel and 9 cm of large bowel were resected in those 
patients undergoing an end-to-end anastomosis, as com- 
pared with a mean of 29 cm of small bowel and 10 cm 
of large bowel in those undergoing a side-to-end anasto- 
mosis. A total of 26 other operative procedures were per- 
formed at the same time in those patients undergoing an 
end-to-end anastomosis, as compared with 24 other pro- 
cedures performed in the group undergoing a side-to-end 
anastomosis. These differences were not statistically sig- 
nificant (Table 3). The pathology specimens demonstrated 
active disease in 44 of the 47 patients undergoing resection 
and end-to-end anastomosis, as compared with all 39 pa- 
tients in the side-to-end anastomosis group. 

There were no hospital deaths. After surgery there was 
one postoperative complication in the end-to-end group, 
and mean postoperative hospital stay was 8 days. In the 
side-to-end group, there were four postoperative compli- 
cations, with a mean stay of 9 days. These differences 
were not statistically significant (Table 3). In addition, 
one patient in the side-to-end group developed symptoms 
5 months after surgery, and a barium study demonstrated 
a small fistula leading from the end of the blind pouch. 
The patient was explored, the anastomosis resected, and 
an end-to-end ileocolostomy performed. Histopatholog- 
ically there was no evidence of Crohn’s disease in the 
specimen. 


Clinical Course 


Patients followed at The Johns Hopkins Hospital were 
seen periodically during the course of the study. These 
patients, and patients not followed at The Johns Hopkins 
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TABLE 3, Operative Management and Postoperative Course 


Type of Anastomosis 


End to End Side to End Total 
Patients 47 39 86 
Length of resection 
Smal bowel (cm) 28 (1-90) 29 (6-120) 28 (1-120) 
Large bowel (cm) 9 (1-39) 10 (3-40) 9 (1-40) 
Patholozy 
Active 44 39 83 
Inact: ve 3 0 3 
Other operative procedures 
Smal; bowel resection I 0 I 
Large bowel resection 2 5 7 
Stricturoplasty j! 0 l 
Divis-on of enterofistula 
into 
Bowel 9 10 19 
Bladder 5 g 13 
Vazina 2 I 3 
Drainage of intra- 
ebdominal abscess 6 4 10 
Postopezative complications 
Urinary tract infection ] 0 l 
Small bowel obstruction Q 2 2 
Wound infection 0 i l 
Fever 0 l l 
Total | 4 5 
Postoperative mortality rate 0 0 0 
Postoperative days 8 (5-12) 9 (6-16) 8 (5-16) 


Hospital, were contacted annually by questionnaire. Each 
patients physician also was contacted annually. Follow- 
up information was available for 78 of the 86 patients. 
Follow-up ranged from 5 to 94 months, with a mean of 
47 months. There was no statistical difference in length 
of follow-up in the end-to-end and side-to-end groups 
(Table 4). 

A symptomatic recurrence was defined as abdominal 
pain or diarrhea that occurred at least once a week during 
follow-up. Forty of the 78 patients (51%) developed 
symptomatic recurrences. The prevalence was identical 
for both anastomotic groups (Table 4). Recurrence at the 
ileocolkc anastomosis was documented in 10 of the 43 
patients undergoing end-to-end anastomosis (23%), and 


TABLE 4. Clinical Course 


Type of Anastomosis 





End to End Side to End Total 
Patients 47 39 86 
Patients with 
follow-up 43 35 78 
Duration (mo) 49 (6-94) 45 (5-91) 47 (5-94) 
Symptomatic 
recurrence 22 (51%) 18 (51%) 40 (31%) 
Documented 
recurrence at 
anastomosis 10 (23%) 11 (31%) 21 (27%) 
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TABLE 5. Ileal Recurrences 
Type of Anastomosis 
End to End Side to End Total 

Documented 10 11 21 
Documented by 

Surgery 3 6 9 

Barium studies 5 3 8 

Endoscopy 2 2 4 


in 11 of the 35 patients undergoing side-to-end anasto- 
mosis (31%). This difference was not statistically signifi- 
cant. In the end-to-end group, the recurrences were doc- 
umented by surgery (n = 3), barium studies (n = 5), and 
endoscopy (n = 2). In all 10 patients developing a recur- 
rence in the end-to-end group, the recurrence involved 
the distal ileum just proximal to the anastomosis. In the 
side-to-end group, the recurrences were documented by 
surgery (n = 6), barium studies (n = 3), and endoscopy 
(n = 2)(Table 5). In 5 of the 11 patients with a recurrence 
at the anastomosis in the side-to-end group, the anatomy 
of the recurrence could be accurately determined. Four 
of these patients were operated on, and one underwent 
colonoscopy. In each of the five patients whose recurrence 
could be documented, the recurrence was in the ileum 
adjacent to the colon at the anastomosis. Of particular 
note, the 1 inch of distal blind ileum in the side-to-end 
anastomosis was grossly normal (Fig. 2). In two of the 
patients in the side-to-end group requiring resection, the 
surgery was performed elsewhere and the exact pattern of 
recurrence could not be determined. In addition, in three 
patients in whom the recurrence was documented radio- 
graphically, and in one determined by endoscopy, the re- 
currence pattern at the anastomosis could not be deter- 
mined accurately. 

As was the case before operation, most patients received 
a wide variety of medications after operation to control 
or prevent symptoms or recurrence of their inflammatory 
bowel disease. These medications were administered for 
variable lengths of time. There were no discernible pat- 
terns in either group. 


Discussion 


The preanastomotic recurrence pattern after resection 
has fascinated physicians since Crohn’s initial report, but 
very little information explaining this phenomenon has 
evolved. The current study was carried out primarily to 
gain information as to factors that might influence this 
characteristic recurrence pattern. In addition, little infor- 
mation is available concerning the influence of the type 
of anastomosis on the subsequent course of Crohn’s dis- 
ease. Over the years, surgeons have treated Crohn’s disease 
by surgical bypass, surgical exclusion, and surgical resec- 
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tion with end-to-end, side-to-end, end-to-side, or side-to- 
side anastomosis. There are virtually no controlled studies 
to support one anastomotic procedure over another. This 
study therefore also served as a basis to compare two dif- 
ferent types of surgical anastomoses after resection for 
Crohn’s disease. 

The randomization process resulted in two groups of 
patients that were similar demographically. For age, sex, 
body weight, and disease duration, there were no statis- 
tically significant differences between the two groups. In 
addition, when hematocrit, white blood count, and serum 
albumin are used as criteria, both groups were healthy 
and comparable. In terms of indications for surgery, the 
amount of bowel resected at surgery, and the number of 
patients with active disease, both groups were also com- 
parable. Thus the only clear difference between the two 
groups was the means by which enteric continuity was 
re-established after resection of the terminal ileum and 
proximal colon. In one group, an end-to-end anastomosis 
was performed. This is perhaps the anastomosis that is 
now most commonly used after resection of terminal 
ileum and proximal colon in patients with Crohn’s disease. 
The second group received a side-to-end ileocolostomy. 
Although end-to-side and side-to-side anastomoses are 
more commonly used, a side-to-end anastomosis was 
chosen for the second group so that a segment of distal 
ileum extended beyond the anastomosis to test the possible 
explanations of preanastomotic recurrence. 

Both groups of patients had similar courses after sur- 
gery. Length of follow-up was similar for both groups, an 
identical number of symptomatic recurrences developed 
in each group, and there was no statistically significant 
difference between the groups in the incidence of docu- 
mented recurrence at the anastomosis. Thus, there was 
no clear advantage of one type of anastomosis over the 
other, and the clinical course of both groups was com- 
parable. However, one patient in the side-to-end group 
developed a small fistula from the blind pouch 5 months 
after surgery and required re-exploration. Because there 
was no evidence of Crohn’s disease in the specimen, this 
complication could be attributed to the side-to-end anas- 
tomosis. 

The main purpose of the study was to compare the 
pattern of recurrence in each of these two types of anas- 
tomosis. As was expected, the recurrence pattern in those 
patients who had undergone an end-to-end anastomosis 
assumed the characteristic pattern of disease in the prean- 
astomotic distal ileum, generally stopping at the suture 
line. By contrast, the five patients in the side-to-end anas- 
tomosis group in whom the anatomy of the recurrence 
could be adequately determined showed sparing of the 
distal portion of the ileum contained in the blind pouch. 
Rather, the recurrent disease developed in the ileum im- 
mediately adjacent to the ileocolostomy. 
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FIG. 2. Resected specimen of side-to-end ileo- 
colonic anastomotic site with recurrent Crohn’s 
disease. (A, top) In the gross specimen, the re- 
currence involves the ileum (IL) at the anasto- 
motic site (A) with the colon (C). At this site, the 
ileum is strictured and gives rise to a fistula tract 
(containing probe indicated by arrow). By con- 
trast, the blind pouch (P) of ileum distal to the 
anastomotic site is spared by recurrent Crohn’s 
disease (X1.1). (B, center) Histopathologic fea- 
tures of preanastomotic ileum. Active Crohn’s 
disease is manifested by a crypt abscess, nonca- 
seating epithelioid cell granuloma (arrow) with 
pyloric metaplasia of adjoining ileal glands, villous 
blunting, chronic inflammation of the lamina 
propria, and fibromuscular proliferation of the 
subjacent muscularis mucosae (H&E, X70). (C, 
bottom) Histopathologic features of blind ileal 
pouch distal to anastomotic site. Only mild villous 
blunting and chronic inflammation of the lamina 
propria are present, and there is no evidence of 
active Crohn’s disease (H&E, X70). 
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Even though the recurrence pattern seen in Crohn’s 
disease has been recognized since Crohn’s initial report, 
a logical explanation of this characteristic pattern has not 
been forthcoming. Initially, as Crohn suggested,? it was 
thought that inadequate resection left residual disease in 
the distal ileum. Because microscopic disease is often 
present throughout the entire small and large bowel,’ and 
is no more likely at the resection margin than elsewhere, 
this explanation now seems untenable. Others have sug- 
gested that if the surgeon leaves hypertrophied lymph 
nodes behind in the root of the small bowel mesentery, 
some residual agent subsequently passes up to the ileal 
margin and is responsible for the recurrence. Although 
this theory has received support for many years, surgeons 
have been reluctant to perform the radical resections that 
would be required if one were to try to remove all of the 
enlarged lymph nodes in the root of the mesentery. The 
current study would appear to eliminate both of these 
explanations as possibilities. First, the recurrence pattern 
in patients who underwent a side-to-end anastomosis did 
-= not involve the distalmost portion of the ileum. If leaving 
residual disease behind at the resection margin, or leaving 
hypertrophied lymph nodes behind that contained an 
agent that would pass up to the resection margin of the 
distal ileum were important, the recurrence would have 
involved the distal ileum in the blind pouch. That was 
not the case, and in fact the blind pouch was spared grossly 
in all five instances in which the recurrence pattern could 
be determined. Furthermore, the pouch was spared his- 
topathologically in all but one of the specimens resected 
at Hopkins. Finally, the suture line itself did not appear 
to be an important factor in determining recurrence be- 
cause there was a suture line in the end of the blind pouch. 

The recurrence pattern that was seen in the patients 
who developed recurrence after a side-to-end anastomosis 
suggests that the fecal stream and reflux of colonic contents 
into the ileum are important factors. Supporting evidence 
for this includes a unique patient recently seen at Hopkins 


DISCUSSION 


Dr. GEORGE BLOCK (Chicago, Llinois): President Ochsner, Dr. Jones, 
Fellows of the Association, I wish to express my pleasure and my ap- 
preciation for your generosity and forbearance in electing me to mem- 
bership in this distinguished group. I look forward to participation for 
many years and not only thank you but specifically thank my sponsors, 
Dr. Harrington, Dr. Sawyers, and Dr. Cohn. 

Dr. Cameron’s presentations are always provocative, sometimes per- 
plexing. Today’s are both provocative and perplexing. They are provoc- 
ative because Dr. Cameron espouses the conventional wisdom. This is 
an unusual role for Dr. Cameron; he usually challenges conventional! 
wisdom such as the anastomotic recurrence. It is perplexing because it 
is at variance with some of our own observations. Obviously, we use 
different methods of achieving our conclusions. His was a prospective 
study; ours was retrospective. He has relied on operative specimens, en- 
doscopy, and radiographs; we believed and do believe that radiographic 
and endoscopic determinations of the exact pattern of recurrence are 
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who underwent resection of the terminal ileum for 
Crohn’s disease. In the middle of the diseased bowel there 
was a narrow mouthed diverticulum, presumably rela- 
tively isolated from the fecal stream. The diverticulum 
was spared by the inflammatory process, and its mucosa 
was histopathologically uninflamed. In addition, Rutgeerts 
et alf have recently reported five patients who underwent 
ileocolectomy for Crohn’s disease. All five patients un- 
derwent an ileocolostomy anastomosis, but were diverted 
proximally by an ileostomy. Six months later, endoscopy 
with biopsy showed no gross or microscopic disease in 
the neoterminal ileum. The ileostomies were then taken 
down and the fecal stream re-established over the neo- 
terminal ileum. Six months after ileostomy takedown, 
endoscopy and biopsy demonstrated gross and micro- 
scopic Crohn’s disease in the neoterminal ileum in all five 
patients. This study provides additional strong support 
for our evidence that the fecal stream and reflux of colonic 
contents into the ileum are important factors in deter- 
mining the site of recurrence in Crohn’s disease. This 
characteristic recurrence pattern in Crohn’s disease un- 
doubtedly contains important clues to the pathogenesis 
of this disease. 
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not reliable and look only to the examination of the resected specimens. 
We looked at several hundred of our patients who had recurrences. And 
they followed conventional wisdom for a segment of population. Fewer 
than one third had preanastomotic recurrences in the ileocolic group of 
Crohn’s disease. Some of them or a good number of them were postan- 
astomotic, and many of them were far distant from the anastomosis. 
This is not explainable by the thesis that Dr. Cameron has elaborated 
today, that the recurrence of Crohn’s disease in the ileal segment is due 
to colonic reflux; I would caution against making this conclusion on the 
basis of five patients. This is almost anecdotal evidence. But if this thesis 
is correct, then we should perhaps vary our approach to this disease by 
trying to design some operation that would prevent colonic reflux, such 
as no anastomosis at all, and a stoma in all patients. Yet we know that 
patients who do have stomas and, for one reason or another, do not 
have anastomosis at the primary operation, are heir to recurrence usually 
below the fascial line of the stoma. We could, perhaps, do a total col- 
ectomy and abrogate the colon completely. Dr. Cameron’s observations 
give some credence to the observation that in those patients in whom 
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we mistakenly do a total colectomy and endorectal pull-through for what 
we find to be Crohn’s disease, it is not the disaster that we have been led 
to believe. There are recurrences, but they are not the immediate and 
devastating recurrences. Perhaps we should do some type of a nipple 
valve operation, not unlike a Kock pouch, to prevent reflux. Or we should 
alter the colonic content. Now how do we alter the colonic content? Do 
we alter the flora? Do we alter the bile acids? Do we alter the amines? I 
do not have the vaguest idea what we would alter in these patients and 
would ask Dr. Townsend to help us in that. So my question to Dr. 
Cameron is, if this thesis is accepted and is valid, is the next portion of 
your work to make some clinical approach to eliminating or decreasing 
the colonic reflux so as to delay or perhaps totally abrogate the appearance 
of the preanastomotic reappearance of Crohn’s disease? I enjoyed the 
paper greatly and appreciate Dr. Cameron’s providing me with the 
manuscript to read last night, and J thank you all for the privilege of the 
floor and, again, for the privilege of membership. 


Dr. BRUCE WOLFF (Rochester, Minnesota): Thank you, Dr. Ochsner. 
I still consider myself a Georgian since I was born and brought up there, 
although I have been translocated. 

Dr. Jones, Members of the Association, I find this a very interesting 
paper, and I enjoyed very much being able to hear it. I, like Dr. Block, 
wonder about a third group of patients, those patients in whom an ile- 
ostomy might have been done on a temporary basis perhaps for a year 
or 2, and the recurrence rate in that group. In our experience, the re- 
currence rate in that particular group with an ileostomy has been lower 
than in the groups that have had anastomosis. And if that were the case, 
that would certainly lend credence to the theory of something in reflux 
of colonic contents contributing to or causing the recurrence. There is 
a study in Sweden presently showing this to be the case, and I would be 
very interested to know if the authors plan a prospective, randomized 
study. I know that is a very difficult thing to do, when a patient would 
be offered an ileostomy as opposed to an anastomosis, but I think that 
would be an important study and might lend credence to the theory of 
something in the fecal stream that would contribute to the recurrence 
rate. 

I want to congratulate the authors on being able to do a prospective 
randomized study in Crohn’s disease. It is a very difficult thing to do, 
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and I think they have done a wonderful job, and it has taken some years 
to do it. Thenk you. 


Dr. J. L. CAMERON (Closing discussion): I would like to thank both 
Dr. Block end Dr. Wolff for their comments. I think our studies present 
a substantiel argument that the fecal stream and reflux of colonic contents 
are important in the ileo-recurrence pattern seen in Crohn’s disease. We 
have anoth=r ongoing prospective study in which we operate on patients 
who have teen operated on previously, and are undergoing second, third, 
and fourth ileocolic resections. And in that second study of patients 
undergoing reoperation, if they have had their initial anastomosis in an 
end-to-end fashion —— and most have —— we are putting them back to- 
gether in a side-to-end fashion. So each patient is serving as his or her 
own contr. In that study, as in the current study, the recurrence is 
adjacent tc the colonic anastomosis, and by and large the ileal pouch is 
spared or isnearly spared. Sometimes the histology is absolutely normal; 
other times there is some histologic change, but the basic pattern is vir- 
tually tdemtacal. 

There is another study that was recently reported that confirms ours, 
and it comes from the Netherlands. After doing an ileocolic resection 
and anastc mosis, the group from the Netherlands did an ileostomy prox- 
imaily. They then did colonoscopies on the patients at 6 months, and 
there was mo evidence of disease in the neoterminal tlium or in the colon 
at the anas.omosis. They then took down the ileostomy 6 months later, 
recolonosc2aped the patients, and there were recurrences in the prean- 
astomotic “lium, suggesting, as did our study, that exposure to the fecal 
stream anz reflux of colonic contents are important. These studies cer- 
tainly do zot explain all ileal or colonic recurrences in Crohn’s disease, 
but I thins they do explain the characteristic pattern that is seen most 
commoni n 

Now, hzw can we use this information to modify, decrease, or eliminate 
recurrence:? That step is obviously more difficult. We have been reluctant 
to consider creating a valve to prevent reflux from the colon to the ileum. 
I think we are leaning at this point toward trying to modify the colonic 
bacterial fora in some way. Many physicians and gastroenterologists are 
convinced that a variety of antibiotic regimens will decrease recurrences 
in Crohn’s disease. Perhaps by modifying the bacterial flora in the colon, 
the incidemce or prevalence or timing of a recurrence could be decreased. 
Thank ycu, 
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The liver possesses the remarkable ability to regenerate to its 
original size after a 70% partial hepatectomy. There has been 


little effort to characterize the Kupffer cells’ role in this unique © 


mammalian reparative physiologic phenomenon. The capacity 
of rat Kupffer cells (KC) isolated at specific intervals after partial 
hepatectomy to produce interleukin-6 (IL-6) and prostaglandin 
-E, (PGE,) in response to endotoxin was evaluated in standard 
RPMI-1640 (1200 4M L-arginine) and arginine-depleted RPMI- 
1640 (10 uM L-arginine) media. Regenerating liver KC 48 to 


‘120 hours after partial hepatectomy responded to endotoxin | 


stimulation with a significantly greater (p < 0.05) production of 
IL-6 in standard RPMI-1640. Because Kupffer cells function in 
an environment where high arginase activity results in negligible 
L-arginine levels, the 10 uM L-arginine RPMI-1640 was used 
to simulate the true hepatic microenvironment. Production of 
IL-6 by regenerating liver KC was further increased (p < 0.05) 
by placing these same KC in 10 uM L-arginine RPMI-1640 
tissue culture media. During the same period, regenerating liver 
KC produced significantly (p < 0.01) more PGE, than sham- 
operated KC in both standard and low-arginine media. When 
the cyclo-oxygenase inhibitor indomethacin (1 X 1075 M) was 
-added to cultures, the PGE, production was inhibited, and IL-6 
production was upregulated (p < 0.05) in arginine-depleted cul- 
tures. The authors conclude that during hepatic regeneration KC 
IL-6 production is elevated but controlled in an autoregulatory 


fashion by KC PGE, production. 

M generative capacity after surgical partial hep- 
atectomy or hepatic injury.! Recognition of 

_ this unique mammalian process has led to extensive re- 

search attempting to identify substances that initiate and 
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terminate hepatic regeneration.” These investigative ef- 
forts have identified several humoral factors,*® portal 
blood factors," and liver-derived growth factors? that 
stimulate liver regeneration in in vivo experimental mod- 
els, but little effort has been made to characterize the al- 
terations that occur in the liver’s resident macrophage, 
the Kupffer cell (KC), during this unique phenomenon. 
Several investigators have suggested that the reticuloen- 
dothelial system plays an important role in regeneration 
of the rat liver because reticuloendothelial system blockade 
depressed hepatocellular proliferation after partial hepa-- 
tectomy.”!° 
Kupffer cells constitute over 90% of the host reticulo- 

endothelial system,'' and are juxtaposed anatomically 
with the hepatocytes, which are the predominant regen- 
erating parenchymal mass.!? West et al.!*:* reported that 
the stimulated Kupffer cell may inhibit the types and 
quantities of individual proteins being synthesized by he- 
patocytes, and may play a role in the development of 
hepatic failure during sepsis, endotoxemia, or after ex- 
tended liver resection. Therefore, prevention of the neg- 
ative impact of the KC on hepatocyte function may pro- 
mote hepatic regeneration and improve the survival of 
the host during these periods of physiologic stress. Kupffer 
cells produce the cytokine interleukin-6 (IL-6), which is 
known to affect the hepatocytes’ acute phase response to 
injury! and plays a role in hepatocyte proliferation.'® 
Prior studies on hepatic regeneration and KC—hepatocyte 
interactions have not determined the influence of this cy- 
tokine nor the L-arginine concentration of the tissue cul- 
ture medium being used. Callery et al.!’ have recently 
reported that the production of prostaglandin E, (PGE,) 
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by the KC during the initial stage of hepatic regeneration 
was elevated and that the KC production of tumor ne- 
crosis factor-a was markedly decreased.'* Because KC 
production of cytokines and eicosanoids may affect the 
systemic immune response, as well as the hepatocyte re- 
sponses, we compared the capacity of KCs with other 
macrophage populations to produce IL-6 and determined 
whether this production was regulated by PGE, in both 
standard RPMI-1640 (1200 uM L-arginine) and low ar- 
ginine (10 uM L-arginine) RPMI-1640 tissue culture me- 
dia during hepatic regeneration after a 70% partial hep- 
atectomy in the rat. 


Materials and Methods 
Animals 


= Male Sprague-Dawley rats weighing 225 to 250 g were 

used at 10 to 12 weeks of age, and were cared for according 
to specific National Institutes of Health guidelines. Ani- 
mals were provided a nutritionally balanced rodent diet 
(5001, Purina Mills, St. Louis, MO) and water ad libitum 
and were not fasted before use. 


Operative Procedures 


Under ether anesthesia, 70% partial hepatectomies 
(PHx) were performed through a 3.0-cm. midline incision 
by resecting the median and left lobes of the rat liver, as 
outlined by. Higgins and Anderson.'! Sham operations 
consisted of a midline laparotomy with gentle manipu- 
lation and exteriorization of the. median and left liver 
lobes. All operations were performed between 8:00 and 
10:00 A.M. to avoid the effects of diurnal variations on 
the regenerative response.’ 


Kupffer Cell Isolation and Purification 


Kupffer cells were harvested from animals for in vitro 
analysis at 48, 120, 168, and 336 hours after partial hep- 
atectomy or sham operations. While under anesthesia, 
the animal was exsanguinated and the liver was perfused 
in situ through the portal vein with Hank’s balanced salt 
` solution (HBSS). The livers were dissected free and passed 
through 60-um brass screens into HBSS containing 1% 
HEPES buffer and 1% penicillin/streptomycin. After cen- 
trifugation at 500g for 10 minutes (4 ©), the pellet was 
resuspended in 30 mL antibiotic-supplemented HBSS 
. containing 0.01% collagenase (type I, 240 U/mg, Wor- 
thington Biochemicals, Freehold, NJ), 0.001% deoxyri- 
bonuclease (type 1, 60 U/mg, Sigma Chemicals, St. Louis, 
MO), and | mM CaCl, and incubated for 45 minutes in 
a 37 C agitating water bath. After centrifugation at 50g 
for 2 minutes to sediment hepatocytes, an enriched non- 
parenchymal cell pellet was obtained by centrifugation of 
the supernatant at 500g for 10 minutes. Erythrocytes were 
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lysed by incubation for 3 to 5 minutes with ammonium 
chloride (0.83%). The cells were washed twice with HBSS, 
and resuspended in either standard RPMI-!640 (1200 uM _ - 


. L-arginine) or low-arginine (10 M) RPMI-1640 tissue 


culture media without arginine containing antibiotics and 
10% fetal calf serum (low-endotoxin, heat-inactivated, 
Gibco, Grand Island, NY). After 4 hours of incubation 
at 37 Cin 100-mm plastic petri dishes (Costar, Cambridge, 
MA), nonadherent cells were removed by three successive 
washes with warm HBSS. Adherent cells, phagocytosing 
0.8 um latex beads (Sigma), are designated as KCs. After 
10 minutes’ incubation at 37 C in Trypsin-ethylenedi- 
aminetezra-acetic acid (0.05%/0.02%), KC were liberated 
from the plastic dishes by vigorous pipetting, and washed 
and counted. Kupffer cell purity was >95% by latex bead 
ingestion, and viability was > 90%, as indicated by trypan 
blue exclusion (0.4% trypan blue stain in 0.85% saline, 
Gibco Laboratories). 


Splenic, Peritoneal, and Alveolar Macrophage Isolation 


Resid2nt splenic, peritoneal, and alveolar macrophages 
were isolated from the same rats providing KC. Peritoneal 
macrophages were isolated before the harvest of liver by 
repeatedly lavaging the intact abdominal cavity with 37 
C HBSS. Alveolar macrophages were recovered after KC 
harvest >y directly cannulating the trachea and repeatedly 
lavaging the tracheobronchial tree with 37 C HBSS. 
Splenic macrophages were harvested by passage of the 
spleen through a 60-ym brass screen, differential centrif- 
ugation and plastic adherence, as described for the KC 
isolation technique. Ninety-five per cent of the splenic, 
alveolar, and peritoneal macrophages excluded trypan 
blue and phagocytized latex beads. 


Culture Media 


Kupffer cells (5 X 10°) were suspended in one of two 
different preparations of culture media of RPMI-1640 
(Gibco Laboratories, Grand Island, NY) containing 1% 
HEPES buffer, 1% nonessential amino acids, 1% L-glu- 
tamine. 1% penicillin/streptomycin, and 10% fetal calf 
serum (low endotoxin, Hyclone Labs Inc., Logan, UT). 
Arginine concentration in the culture media was the only 
variable in these experiments. Standard RPMI-1640 
(+Arg) contained 1200 uM L-arginine, whereas arginine- 
depleted RPMI-1640 (—Arg) contained only approxi- 
mately 10 uM L-arginine (verified by high-performance 
liquid chromatography performed by the Gibco Corp., 
Grand Island, NY), which was derived from the addition 
of 10% fetal calf serum. 


Culture Protocol 


After purification, 5 X 10° sham or PHx KC, splenic 
macrophages, peritoneal macrophages, and alveolar mac- 
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rophages in 1 mL complete KC media were plated in 24- 
well culture dishes (Costar). After overnight culture, KC 
were repleted with fresh media and stimulated with 2.5 
pg/mL bacterial lipopolysaccharide (LPS, Escherichia coli 
type 0111:B4, Difco Laboratories, Detroit, MI). Super- 
natants were collected at timed intervals, sterile filtered 
(0.2-um Acrodisc, Gelman Sciences, Ann Arbor, MJ), and 
stored at —80 C until use. 


Prostaglandin E, Radioimmunoassay 


Partial hepatectomy and sham KC supernatants were 
assayed for PGE, by competitive binding radicimmu- 
noassay. Samples were combined with *H-labeled PGE, 
(New England Nuclear, Boston, MA) and a specific rabbit 
antisera to PGE, (provided by Dr. Aubrey Morrison, De- 
partment of Pharmacology, Washington University). After 
a minimum 12-hour incubation at 4 C, the excess °H- 
PGE) was removed with a charcoal—dextran mixture and 
the bound portion counted by liquid scintillation spec- 
troscopy. Triplicate values were averaged and compared 
with a standard curve performed with each assay. The 
lack of cross-reactivity of the antisera with competing ei- 
cosanoids has been previously verified.”° 


Interleukin-6 Bioassay 


Partial hepatectomy and sham KC supernatants were 
collected at timed intervals and IL-6 activity measured 


—®—48 HAS SHAM + ARG 


—a -120 HRS SHAM + ARG 


-E -336 HRS SHAM + ARG 


IL-6 (pg/ml) 


FIG. 1. Kupffer cell IL-6 production by 
5 X 10° Kupffer cells after (left) sham- 
operation or (right) 70% partial hepa- 
tectomy in (top) standard RPMI-1640 
(1200 uM L-arg) or (bottom) arginine- 
depleted RPMI-1640 (10 uM L-arg) 48, 
120, and 336 hours after operation. 
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by proliferation of the IL-6-responsive B9.9 cell line (pro- 
vided by Dr. Lucian Aarden, Netherlands, through Dr. 
Richard Nordan, National Institutes of Health). Serially 
diluted supernatant samples were incubated at 37 C in 
5% CO, for 44 hours with 2 X 10? B9.9 cells. 7H-thymidine 
(2 wCi/well) was added for the final 4 hours of culture. 
The cultures were harvested at 48 hours after culture ini- 
tiation by using an automatic cell harvester onto glass 
fiber filters. Radioactivity was determined by liquid scin- 
tillation spectrometry using an LKB (1272 Clinigamma, 
LKB, Turku, Finland) liquid scintillation counter. Un- 
known supernatant IL-6 levels were determined by com- 
parison with a standard curve of B9.9 proliferation to 
known quantities of recombinant human IL-6 (Genzyme, 
Boston, MA). 


Statistical Analysis 


Data are representative of three independent experi- 
ments, each performed in triplicate, and analyzed for sig- 
nificance by analysis of variance. 


Results 
Effects of 70% Partial Hepatectomy on KC IL-6 Produc- 
tion 
Hepatic regeneration is greatest 48 to 120 hours after 


70% PHx. Regenerating KC demonstrated a significantly 
(p < 0.05) greater capacity to produce IL-6 at all culture 
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time points in response to LPS stimulation than did equal 
numbers of Kupffer cells from time-matched sham-op- 
erated control animals when cultured in standard (1200 
uM L-arginine) RPMI-1640 (Fig. 1). This enhancement 
of regenerating Kupffer cell production was maximal be- 
tween 48 and 120 hours after partial hepatectomy and 
persisted throughout the culture duration (48, 120, and 
168 hours) after 70% partial hepatectomy. The depletion 
of arginine (to 10 uM) from in vitro KC cultures, however, 
resulted in a significant increase (p < 0.05 versus standard 
RPMI-1640) in KC IL-6 production, most notably during 
the first 48 hours of culture (Fig. 1). 

To determine whether the observed increase in regen- 
erating liver KC IL-6 production persisted once regen- 
eration of hepatic mass neared completion, the kinetics 
of IL-6 production by the KC was determined 14 days 
(336 hours) after both 70% partial hepatectomy and sham 
operation (Fig. 1). Regenerating KCs no longer produced 
larger quantities of IL-6 in response to LPS than did equal 
numbers of sham-operated KCs in either standard or ar- 
ginine-depleted RPMI-1640 tissue culture media. 


Effects of 70% Partial Hepatectomy on KC PGE), Pro- 
duction 


The production of PGE, by 5 X 10° KCs after stimu- 
lation with 2.5 „g/mL bacterial LPS was significantly (p 
< 0.01) higher than PGE, production by an equal number 
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of time-matched sham-operated KCs, 48, 120, and 168 
hours after partial hepatectomy in standard RPMI-1640 
tissue culture media (Fig. 2). Because of the significant 
changes in KC IL-6 production related to arginine con- 
centraticn, we next measured the affects of arginine avail- 


_ ability ca KC PGE, production in response to LPS. Re- 


generating Kupffer cells cultured in media depleted of 
arginine (10 uM) produced an earlier and sustained in- 
crease iz PGE, than did sham KC, with levels reaching 
30 ng/mL (Fig. 2). This marked difference in PGE, pro- 
duction was no longer present at 336 hours (14 days) after 
partial Fepatectomy, when regenerating KC PGE, pro- 
duction had returned to levels comparable to those pro- 
duced kv sham-operated KCs 336 hours after operation. 


Effects of PGE, on KC IL-6 Production 


Prosteglandin E is known to be immunosuppressive 
and to <ownregulate the KC’s production of tumor ne- 
crosis faztor-a.”!”? To test the possibility of an autoreg- 
ulatory effect by KC PGE, production on KC IL-6 pro- 
duction, the cyclo-oxygenase inhibitor indomethacin (1 
xX 107° M) was added to parallel standard RPMI-1640 
and arg-nine-depleted RPMI-1640 cultures. The addition 
of indemethacin inhibited KC PGE, production by 
>95%.71 Consequently, with elimination of the inhibitory 
influences of elevated levels of PGE, IL-6 production by 
both sham-operated and regenerating KCs was signifi- 
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FIG. 2. PGE, production by 5 x 10° 
Kupffer cells after (top) sham opera- 
tion or (bottom) 70% partial hepatec- 
tomy in (left) standard RPMI-1640 
(1200 uM L-arg) or (right) arginine- 
depleted RPMI-1640 (10 uM L-arg) 
48, 120, and 336 hours after operation. 
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cantly (p < 0.05) increased in arginine-depleted RPMI- 
1640 media, but not in standard RPMI-1640 media (rep- 
resentative sham and PHx KC data are presented in 
Fig. 3). 


Effects of PGE on Splenic, Peritoneal, and Alveolar Mac- 
rophages 


To determine whether the regulatory effects of PGE, 
on IL-6 was unique to the KC, we measured the IL-6 
responses of three macrophage populations in response 
to LPS stimulation, with and without PGE, blockade, in 
both standard RPMI-1640 and arginine-depleted RPMI- 
1640. Unlike KCs, nonelicited peritoneal macrophages, 
splenic macrophages, and alveolar macrophages do not 
normally encounter LPS and function in a microenvi- 
ronment that is not depleted of L-arginine. When acti- 
vated by LPS in a 1200-uM arginine culture, sham-op- 
erated, peritoneal, splenic, and alveolar macrophages 
produced low levels of IL-6 and PGE>. After a 70% partial 
hepatectomy, however, the peritoneal, splenic, and alveo- 
lar macrophages all responded to LPS stimulation with 
elevated production of IL-6 and PGE, at 48, 120, and 
168 hours. In the high-arginine tissue culture environ- 
ment, inhibition of PGE, production by the addition of 
indomethacin did not alter the production of IL-6 by these 
cell populations. To determine whether these arginine- 
specific alterations in LPS response were unique to the 
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FG. 3. Effects of 10 uM indomethacin 75 
on IL-6 production by 5 X 10° Kupffer 0 
cells stimulated with 2.5 pg/mL li- 
popolysaccharide in (top) sham-op- 
erated and (bottom) partially hepa- 
tectomized rats, cultured in (left) 
standard RPMI-1640 (1200 uM L-arg) 
and (right) low-arginine RPMI-1640 
(10 uM L-arg). 
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KC, the peritoneal, splenic, and alveolar macrophages also 
were cultured in an arginine-depleted environment. With 
decreased arginine levels, both IL-6 and PGE, production 
by these cell populations were all increased. In contrast 
to the response by the KC, however, the peritoneal, 
splenic, and alveolar macrophage populations in an ar- 
ginine-depleted environment did not further increase IL- 
6 production after blocking the production of PGE, with 
indomethacin (representative peritoneal macrophage IL- 
6 data are presented in Fig. 4. There was no difference in 
responsiveness between peritoneal, splenic, and alveolar 
macrophages). 


Discussion 


Hepatic regeneration in the rat is characterized by an 
initial 8-hour quiescent period, which is followed by an 
enhanced hepatocyte DNA synthesis, which is maximal 
24 hours after hepatectomy. Rapid cellular proliferation 
follows this period of increased DNA synthesis and results 
in almost complete restoration of the liver’s original mass 
within 10 to 14 days of PHx.' During hepatic regeneration, 
new hepatocytes are generated from existing hepatocytes 
by mitosis, which therefore appears to be a locally con- 
trolled process.''!? In this study, we demonstrate that the 
KC, which functions in a unique microenvironment with 
high arginase and negligible L-arginine levels,” and is an- 
atomically juxtaposed with the hepatocyte, and produces 


325 


-- &- SHAM - ARG - INDO 
—#~SHAM - ARG + INDO 


Nh 
~ 
n 











S 
© 225 
= 
175 
125 
96 0 24 48 72 96 
Culture Duration (Hours) 
--@-PHx - ARG » INDO 
780 
=a PHI - ARG + INDO 
_.. 600 
E 
9 500 
= 
490 
300 
96 0 48 96 


24 72 
Culture Duration (Hours) 


558 GOSS, MANGINO, AND F_LYE 


350 
300 
250 


IL-6 (pgim)} 





0 12 24 48 72 96 
CULTURE DURATION (HOURS) 


IL-6 (pgimi) 
IL-6 (pg/ml) 
NR 
© 
© 





0 12 24 48 72 96 
CULTURE DURATION (HOURS) 


increased levels of IL-6 and PGE, during hepatic regen- 
eration. Because it has previously been shown that KCs 
and hepatocytes are interdependent during health and ill- 
ness, this finding leads us to conclude that the KC plays 
a more central role in hepatic regeneration than previously 
recognized.!>!4 Cornell’ has demonstrated that endoge- 
nous bacterial LPS, which continuously bathes KCs, ac- 
celerates the regenerative process, and that liver regen- 
eration is abrogated when gut-derived LPS is neutralized 
by polymyxin B or eliminated by chronic lavage with 
neomycin and cefazolin. 

In addition to inducing the acute phase response,’° IL- 
6 also activates the maturation of hematopoietic progen- 
itor cells,” stimulates B-cell immunoglobulin synthesis,” 
and augments the differentiation of cytotoxic T lympho- 
cytes.” During mammalian hepatic regeneration, how- 
ever, the most important contribution ‘of IL-6 produced 
by the KC is probably hepatocyte growth,!® the essence 
of hepatic regeneration. This demonstration of elevated 
production of IL-6 by regenerating KCs during the early 
stages of hepatic regeneration provides additional support 
to our hypothesis that the cytokines produced locally by 
the KC play an important role in hepatic regeneration. 
Prostaglandin E, autoregulation of KC IL-6 production 
would be beneficial to the host because elevated IL-6 pro- 
duction is needed for a short period to induce hepatocyte 
growth, but if uncontrolled would lead to a state of con- 
tinuous acute phase response and catabolism detrimental 
to the health of the host. 
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Fic. 4. Effects of cyclo-oxygenase 
blockade on IL-6 production by 5 
X 10° peritoneal macrophages stim- 
ulated with 2.5 ng/mL lipopolysac- 
charide in (top) sham-operated and 
(bottom) partially hepatectomized 
rats, cultured in (left) standard and 
(right) low-arginine RPMI-1640. 
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The increased amount of PGE, produced by the re- 
generat.ng KC is also a documented mitogenic stimulus 
for hepatocytes.7”?* Evidence that this potent paracrine 
growth factor could stimulate enhanced DNA synthesis 
and proliferation of neighboring hepatocytes within the 
regenerating liver is further supported by the time course 
of PGE, production during hepatic regeneration (Fig. 2). 
Becaus2 KC PGE, production is elevated during the in- 
duction and maximal regenerative response of the re- 
maining hepatocytes, locally produced PGE, would 
qualify as a theoretical hepatic regeneration initiation 
substance. That this amplified KC PGE, response 
subsequently subsides as the hepatic mass returns to its 
original size and regeneration ceases provide additional 
support for the hypothesis that regenerative KCs produce 
PGE, which stimulates DNA synthesis and the prolif- 
eration of neighboring hepatocytes. More importantly, our 
finding that the KC uniquely controls its own IL-6 pro- 
duction through PGE>, unlike other macrophage popu- 
lations, may reflect an evolutionary adaptation of KCs to 
their position in the portal venous circulation to directly 
minimize the local and systemic adverse effects of gut- 
derived endotoxin. As specialized macrophages in an ar- 
ginine-depleted microenvironment, the KCs are unique 
because they normally and continuously sequester the 
small quantities of LPS, which penetrate the intact gas- 
trointestinal mucosal barrier and drain directly into the 
portal circulation.'! Therefore, the kinetics of IL-6 and 
PGE, production by the regenerating KC with bacterial 
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LPS stimulation” and the known importance of IL-6 and 
PGE, on in vitro hepatocyte proliferation indicate the 
central importance of the Kupffer cell in this unique 
mammalian response. 
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went up at that 24-hour period in both livers. That is by way of some 
historical background. But what I would like to ask Dr. Flye about these 
experiments is, if in fact the animals are pretreated with indomethacin, 
what happens then to your pellet of Kupffer cells? This is fascinating 
and reminds me a little of the presentation that Dick Simmons gives in 
which he calls it “pillow talk in the liver,” that is, the communications 
between the Kupffer cells and the hepatocytes, which appear now more 
and more, thanks to the work of Dr. Fiye and his group, to b2 one of 
the most important factors that we have in terms of how the liver responds 
to a variety of stimuli, not merely regeneration. Thank you. 
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Dr. COURTNEY M, TOWNSEND, JR. (Galveston, Texas): Dr. Bland, 
Dr. Jones, Fellows and Guests, Dr. Flye and his colleagues have long 
been interested in the problem of hepatic regeneration and the interaction 
of immunologically competent cells with hepatocytes. This study, I think, 
provides more information into the mechanisms by which Kupffer cell 
functions are regulated. It appears that there is a tight autocrine control, 
at least of prostaglandin, on interleukin-6 (IL-6) production. 

What are the signals that are at play here? That is, what turns the 
Kupffer cells on to begin increasing their responsiveness to make IL-6 
in response to lipopolysaccharide? Also, does a reciprocal relationship 
exist? That is, if you were to decrease IL-6, would you increase prosta- 
glandin production? And is there any evidence that exogenously added 
prostaglandin would further affect the level of IL-6 produced? And, finally, 
do you know whether the mechanism of action of prostaglandin on IL- 
6 production is direct or indirect? And if it is indirect, what possible 
second messengers are involved? Thank you very much. 


Dr. GEORGE PARKER (Richmond, Virginia): Dr. Bland, Dr. Jones. 
Like Dr. Zeppa, I am not sure why I was asked to discuss this paper. I 
think the only reason is that 19 years ago Wayne Flye was my first senior 
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resident when I was an intern, and he still treats me the same. I have a 
couple of questions and a couple of comments. 

The comment would be I think it is a very elegantly designed and 
carried out study with all the proper controls, so 1 think the data are 
incontrovertible. 

The first question I would have is, do you have any idea if the amount 
of interleukin-6 that is being produced would be sufficient to induce 
hepatocyte stimulation and mitosis? Second, you mentioned about the 
factors of the Kupffer cell inducing regeneration or-helping in the regen- 
erative process. What is different about certain injuries where there is 
just fibrosis versus certain injuries where there is regeneration? And would 
you speculate on the possible role of the Kupffer cell there? Thank you 
very much. 


Dr. WAYNE FLYE (Closing discussion): I would like to thank the dis- 
cussants. Dr. Zeppa, you and Dr. Bernard Fisher earlier performed pi- 
oneering work in liver regeneration. Obviously, this is a much more 
complex phenomenon than can simply be explained by the effect of 
cytokines, Cytokines appear to regulate, more than initiate, regeneration. 
If you add PGE, to hepatocytes in culture, you can get increased DNA 
proliferation. Addition of indomethacin blocks prostaglandin synthesis 
and retards the course of liver regeneration. High doses of PGE; in vivo 
will result in diarrhea and animal death. 

Dr. Townsend, you ask what signals are important for regeneration. 
In vitro addition of interleukin-6 downregulates prostaglandin E, pro- 
duction, as does tumor necrosis factor and interleukin-1. This may be 
effected by activation of phospholipase A2 and the mobilization of fatty 
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acids and arachidonic acid from the cell surface. We know that PGE, is 
an important regulator of cell proliferation, probably by increasing cyclic 
adenosine monophosphate (cAMP) levels. When we infuse the long- 
acting 16,16 dimethyl PGE, which is not metabolized on first passage 
through the lung, as are most natural prostaglandins, into a heterotopic 
heart allograft continuously for 2 weeks, we completely prevent graft 
rejection. We know that the early recognition phase of rejection is related 
to how the macrophage presents antigen to effector lymphocytes. We 
have evidence that the migration of lymphocytes and macrophages 
through the graft are impaired by PGE). Although liver regeneration is 
a different phenomenon, the mechanism of regulation of second signals 
is probably similar. Changes in interleukin-6 levels do not cause changes 
in PGE, production, whereas exogenous PGE, does decrease interleukin- 
6 levels. 

Although the Kupffer cells are probably normally exposed to low levels 
of endotoxin, it is only during exposure to higher levels that Kupffer 
cells significantly increase PGE, and cytokine production, i.e., during 
bacteremia and during the stress of liver regeneration. However, R. P. 
Cornell has shown that neutralization of the lipid A portion of endotoxin 
with polymyxin B in normal animals slows liver regeneration. The levels 
of PGE, produced by the Kupffer cells appear adequate to regulate the. 
adjacent hepatocytes. 

Dr. Parker, the fibrotic liver does not regenerate well. This is clinically 
important in the patient with cirrhosis undergoing liver resection. The 
hepatocyte within the milieu of the fibrotic tissue behaves differently 
than when it can function in a normal hepatic environment. 

I would like to thank the discussants for their remarks and the As- 
sociation for the privilege of presenting this work. 
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A retrospective study of 90 surgically treated patients with the 
Zollinger-Ellison syndrome seen from 1958 through 1990 was 
performed. Fifteen patients had Zollinger-Ellison syndrome as 
a manifestation of multiple endocrine neoplasia type I. Preop- 
erative tumor localization was positive in 46% of 54 patients 
studied. Gastrinomas were identified in 66% of patients, 38% of 
the tumors being malignant. Postoperative eugastrinemia was 
achieved in 11% of patients after a variety of surgical procedures. 
Exploratory laparotomy provides the only chance for cure and 
identifies the significant prognostic factors associated with long- 
term patient survival: small tumor size, extrapancreatic primary, 
and absence of tumor metastases. 


LTHOUGH DOCTORS ZOLLINGER and Ellison 

uncovered the mystery of hypergastrinemia with 

their epoch publication in 1955, which recom- 
mended total gastrectomy for effective therapy,’ multiple 
improvements in radiographic imaging, pharmacologic 
therapy, and surgical techniques in the ensuing three de- 
cades have made the current treatment of patients with 
Zollinger-Ellison syndrome (ZES) controversial. 

Historically, it was believed that tumor excision for cure 
was possible in only 2% to 5% of patients.“ Understand- 
ably, with the introduction of pharmacologic agents that 
essentially shut off gastric acid secretion (histamine-re- 
ceptor [H] blockade in 1976 and blockage of the H*-K* 
adenosine triphosphatase pump with omeprazole in 1984), 
some authorities recommended medical therapy in place 
of surgical treatment for patients with ZES.’ 

Coupling the initial development (1968) and subse- 
quent improved accuracy of gastrin radioimmunoassay 
with a heightened physician awareness of ZES, patients 
are currently seen earlier in the course of their disease. 
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Development of potent antisecretory agents increased the 
enthusiasm for resection of tumor with the aim of achiev- 
ing permanent cure and avoiding lifelong drug therapy 
with its associated costs and possible side effects (Table 
1). Currently, careful search and removal of gastrinomas 
has yielded putative cure rates in 30% to 53% of selected 
patients.°° 

The present study was undertaken to assess our expe- 
rience with the changing surgical and pharmacologic 
management of patients with ZES and to delineate factors 
significant for long-term survival. 


Patients and Methods 


Of 156 patients with well-characterized ZES seen at the 
Mayo Clinic from 1958 through 1990, 90 patients un- 
dergoing surgical exploration form the basis of this ret- 
rospective report. Sixty-six patients were excluded from 
this study because of nonoperative management: 33 with 
extensive hepatic metastases were deemed unresectable, 
20 refused operative management, 9 with the multiple 
endocrine neoplasia type I (MEN-I) syndrome and 
asymptomatic on medication had multicentric pancreatic 
involvement and thus operative therapy was deferred, 2 
were refused operation because of prohibitive anesthetic 
risk, and 2 asymptomatic patients with MEN-I syndrome 
were believed not to be candidates for operation at that 
time. | 

Factual data of the 90 surgical patients was obtained 
regarding presenting symptomatology, diagnostic and 
laboratory evaluation, operative intervention, postoper- 
ative morbidity and mortality rates, pharmacologic ther- 
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TABLE 1. Cost of Pharmacologic Control 
of Zollinger-Ellison Syndrome 
Average Effective Daily 
Drug Dose (mg)* Yearly Costt 

Cimetidine 3600 $3714.12 
Ranitidine 1200 $2514.36 
Famotidine 250 $5714.59 
Omeprazole 80-90 $5008.42 


* Data from Maton et al. Gastroenterol Clin North Am 1989. 
Ț Calculated wholesale cost ordering bulk amounts to Mayo Pharmacy 
in 1991. 


apy, and long-term follow-up. Current survivors were 
contacted by telephone or were seen for physical exami- 
nation within the past year (through January of 1991). 

The diagnosis of ZES was confirmed in each patient 
based on at least two of the following criteria: 


1. History of severe peptic ulcer disease or unexplained 
diarrhea 

2. Fasting serum hypergastrinemia (>200 pg/mL) or 
markedly elevated gastric acid output (> 15 mmol HCI/ 
hour) 

3. Positive secretin-stimulated gastrin analysis (increase 
in serum gastrin of > 200 pg/mL after intravenous 
injection of 2 units secretin/kilogram of body weight) 

4. Histologic confirmation of a neuroendocrine tumor 


Analysis of discrete and continuous variables was per- 
formed using the log rank test? and Cox’s proportional 
hazards model,’° respectively. Estimates of survival for 
the study group and an age- and sex-matched control 
population (1980 North Central United States) were 
compared using the method of Kaplan and Meier.!! Mul- 
tivariate associations of survival were investigated using 
the model of Cox.!° 


Results 
Epidemiology 


Surgical exploration was performed in 59 men and 31 
women. Operative candidates ranged in age from 13 to 
72 years (mean, 51 years). Sporadic disease occurred in 
75 patients (83%), whereas 15 patients (17%) had hyper- 
gastrinemia as a manifestation of the MEN-I syndrome. 


Symptoms 


Patients presented with an array of physical complaints 
(Table 2) at the time of diagnosis, with a median duration 
of symptoms of 2 years (mean, 3.2 years; range, 2 months 


to 18 years). On presentation to the Mayo Clinic, most 


patients were on pharmacologic therapy for peptic ulcer 
disease or diarrhea: antacids (49%), H- antagonists (28%), 
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TABLE 2. Presenting Symptoms 


Symptom No. of Patients (%) 
Epigastric pain 84 (93) 
Diarrhea 46 (51) 
Dizziness 2 (2) 
‘eight loss I (1) 
Abdominal mass I (1) 


omeprazole (4%), somatostatin (2%), or streptozotocin 
(1%). Oaly 14 patients (16%) were not taking medication. 


Laboraory Analysis 


Preoperative gastric acid analysis (n = 15) disclosed a 
mean basal acid output of 40.2 mmol HCl/hour (range, 
11.0 to 90.0). The average pH of a preoperative gastric 
aspirate was 1.29 (range, 0.9 to 2.4). 

Before abdominal exploration, baseline serum gastrin 
values -anged from 140 to 21,000 pg/mL (mean, 2357 
pg/mL; Mayo normal range, 0 to 200 pg/mL). Of 31 pa- 
tients tested by secretin stimulation, including two patients 
with ncrmal baseline levels, all had serum gastrin eleva- 
tions of >200 pg/mL within 20 minutes after injection. 


Preoperative Radiographic/Endoscopic Evaluation 


Upper gastrointestinal barium radiography or esopha- 
gogastroduodenoscopy delineated extensive peptic ulcer- 
ation ir. 91% of patients. Since the advent of H, receptor 
blockace, less than 70% of patients have evidence of peptic 
ulceration, and even then, ulceration is minimal, with 
only manor mucosal changes. Duodenal ulceration was 
detected in 63 patients, jejunal ulceration in 9, and 10 
patients had peptic ulceration in both locations. Eight pa- 
tients had no evidence of peptic ulceration. Fifty-four pa- 
tients underwent further evaluation to attempt to identify 
the location of the primary tumor or evidence of metas- 
tasis. P-eoperative localization of the primary gastrinoma 
was successful in only 25 of these 54 patients (46%) 


(Table 3). 


TABLE 3. Diagnostic Imaging of Gastrinomas in Patients 
With Zollinger-Ellison Syndrome 


Primary 
Identified 
No. of Metastasis 
Patients No. (%) Identified 
Comput:d tomography 40 13 (33) 7 
Angiography 20 1 (5) 2 
Preoperative ultrasonography 19 7 36) 0 
Magneti resonance imaging ll 4 (36) 4 
Intraoperative ultrasonography 10 6 (60) 1 
54 31 (57) 14 
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Intraoperative Localization 


Surgical identification, or confirmation by palpation, 
of the primary gastrinoma occurred in 53 patients (59%). 
The use of intraoperative ultrasonography imaged non- 
palpable tumors in six additional patients (7%). Thus, of 
the 90 patients, primary tumor was first identified by pre- 
operative imaging in 25 (28%), by intraoperative palpation 
in 28 (31%), and by intraoperative ultrasonography in 6 
(7%). A primary tumor was, therefore, not identified in 
31 patients (34%), although 7 such patients had identifi- 
able metastatic disease (lymph nodes 5, liver 2). Thus, in 
24 patients (27%), most of whom were operated on long 
before thorough duodenal evaluation was standard pro- 
cedure, the potentially curable gastrinoma was never 
identified. 


Pathology 


Primary gastrinomas were identified pathologically in 
59 patients (66%) (Table 4). Fifty such tumors were located 
within the gastrinoma triangle, including 13 duodenal tu- 
mors (Fig. 1). Tumor size ranged from 0.2 to 12 cm in 
largest diameter (mean, 3.1 cm; median, 2.5 cm). Meta- 
static involvement was documented in 34 patients (38%). 
A single patient was found to have focal multiple mi- 
croadenoma (nesidioblastosis) and was treated by radical 
pancreatoduodenectomy. 


Operative Management 


Before evaluation by us, 20 patients (22%) had at least 
one previous operation performed elsewhere (as many as 
four procedures) for peptic ulceration. A wide array of 


TABLE 4. Tumor Involvement in Patients 
With Zollinger~Ellison Syndrome 


Primary Tumor Location Sporadic MEN-I 
Pancreas (n = 42) 
Head 12 0 
Body 11 0 
Tail 6 Q 
Uncinate l 0 
Multiple sites 6 6* 
Duodenum (n = 13) l2 l 
Stomach (n = 3) 2 i 
Retroperitoneum (n = 1) 0 ] 
Unknown primary (n = 31!) 25 6 
75 15 
Metastases (n = 34) 
Lymph nodes 10 4 
Hepatic 19 l 
Adrenalt 2 0 
Pulmonaryt 2 0 
33 5 


* Two patients had synchronous duodenal tumors. 
+ All four patients also had hepatic metastases. 
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Fic. 1. Location of primary gastrinoma (n = 90) in relation to the gas- 
trinoma triangle. 


operative procedures were performed on this heteroge- 
neous group of patients at our institution over the 33 


` years surveyed (Table 5). Five procedures were done on 


an emergency basis (only one since 1976). A total of 12 
patients underwent surgical re-exploration by us for re- 
current symptoms of ZES after their initial procedure 
(Table 6). Two patients with metastatic disease subse- 
quently required bilateral adrenalectomy for control of 
Cushing’s syndrome related to ectopic adrenocorticotropic 
hormone production by the islet cell tumor. A single pa- 
tient had enucleation of two pancreatic gastrinomas (re- 
moved elsewhere) 20 years after total gastrectomy had 
been performed by us. 

Although 40 patients had total gastrectomy performed 
at the Mayo Clinic, only three such procedures have been 


TABLE 5. Operative Management of Zollinger-Ellison Syndrome 


Initial Mayo Procedure No. 
Total gastrectomy 22 
Total gastrectomy + distal pancreatectomy 4 
Total gastrectomy + enucleation 3 
Total gastrectomy + hepatic metastasis excision l 
Distal pancreatectomy 11 


Distal pancreatectomy + enucleation, distal 
pancreatectomy + vagotomy, distal pancreatectomy 
+ intraoperative radiotherapy, distal 
pancreatectomy + hepatic metastasis excision 
Enucleation 13 
Whipple procedure 4 
Miscellaneous 
Tumor biopsy 8 
Partial gastrectomy 4 
Truncal vagotomy 3 
Partial gastrectomy + vagotomy 2 
Right hepatectomy, hepatic dearterialization, palliative 
gastrojejunostomy, palliative 
cholecystojejunostomy, left nephrectomy + tumor 
biopsy, aortofemoral bypass graft + duodenotomy 
Emergency procedures 
Total gastrectomy Z 
Vagotomy + pyloroplasty Í 
Biopsy 1 
Partial gastrectomy + vagotomy l 
Total 90 
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TABLE 6. Follow-up Operaiive Procedure for Patients With Symptoms of Zollinger-Ellision Syndrome 


Time 
Age Sex MEN-I Initial Procedure Lapse Secondary Procedure 
54 M No Distal pancreatectomy 5.0 mo Enucleation 
54 M No Enucleation 1 90 Total gastrectomy 
52 F No Whipple procedure 1.3 yr Total gastrectomy + hepatic metastasis 
excision 
60 M No Partial gastrectomy 11.0 yr Tumor biopsy 
48 F No Partial gastrectomy 2.6 yr Total gastrectomy 
50 M No Partial gastrectomy 4.3 yr Total gastrectomy 
46 F No Truncal vagotomy* 14.0 days Total gastrectomy 
57 M No Partial gastrectomy + truncal vagotomy 1.0 mo Partial gastrectomy 
4i F No Distal pancreatectomy 1.0 yr Right hepatectomy 
44 F No Total gastrectomy 20.0 yr Enucleationt 
36 F Yes Truncal vagotomy 3.0 mo Total gastrectomy 
49 F Yes Distal pancreatectomy 6.0 mo Total gastrectomy 
41 M Yes Enucleation 9.5 yr Total gastrectomy 


* Emergency procedure. 


performed on ZES patients since 1977, and just one since 
1980. Five of 23 ZES patients with an intact gallbladder 
after total gastrectomy subsequently required cholecys- 
tectomy for symptomatic cholelithiasis. 


Hospitalization 


Patients were hospitalized an average of 17 days (range, 
2 to 70 days; median, 13). Twenty-four patients (27%) 
had 30 postoperative complications (Table 7). Three pa- 
tients required reoperation related to postoperative com- 
plications (gastric bleeding, small bowel obstruction, and 
jejunojejunostomy leak). Overall 30-day operative mor- 
tality rate was 4%. 


Follow-up 


Fifty-one patients remain alive at an average of 11 years 
after initial operation. Ten patients (11%) remain eugas- 
trinemic off all medication, ranging from 1 to 17 years 
after surgical excision of the primary gastrinoma (duo- 
denum, 6; stomach, 3; pancreatic head, 1). Of five patients 


TABLE 7. Postoperative Complicaticns in 24 Patients 


Complication No. 
Symptomatic peptic ulcer disease 4 
Gastrointestinal bleeding 4* 
Wound infection 4 
Ileus 4 
Pneumonia 37 
Urinary tract infection 3 
Small bowel obstruction 2 
Esophagojejunostomy leak 2 
Myocardial infarction 1* 
Jejunojejunostomy leak ] 
Intra-abdominal abscess 1 
Sepsis [= 
Total 30 


* Postoperative deaths. 


t Performed elsewhere. 


tested, four have normal postoperative secretin-stimulated 
levels. Twelve patients refrain from medication but have 
intermittent symptoms of gastric hypersecretion (epigas- 
tric pain or diarrhea). The remaining 29 patients are 
asymptomatic on medication. 

Cause of death in 39 patients was due to tumor pro- 
gression (24), postoperative deaths (4), peptic ulcer disease 
(2), and non-ZES related deaths (9). Overall 5- and 10- 
year survival for the study group was 76% and 68%, re- 
spectively. Five- and 10-year survival for an age- and sex- 
matched control population was 93% and 88%, respec- 
tively. 


Prognostic Factors for Survival 


Patient outcome (long-term survival) correlated signif- 
icantly with primary tumor size, primary tumor location, 
and degree of tumor involvement (Table 8). Significant 
prognostic factors were important at both 5- and 10-year 
intervals (Figs. 2, 3, 4). 


TABLE 8. Long-term Survival: Prognostic Factors 


Pp 
p (MEN-I, 
Vanable (n = 90) n = 15) 
Attempted surgical cure 0.972 0.982 
Baseline preoperative gastrin level 0.183 — 
Date of operation (before 1977 vs. after 
1977) 0.385 0.170 
Emergency vs. elective procedure 0.186 — 
Sex 0.135 0.289 
MEN-I vs. sporadic 0.927 — 
Metastatic involvement 0.0004* 0.372 
Patient age 0.451 0.229 
Tumor location 0.006* 0.527 
Tumor size 0.028* 0.667 
Type of operative procedure 0.390 0.932 


* p < 0.05. 
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FIG. 2. Correlation of primary tumor location (n = 90) with long-term 
survival. 


Multiple Endocrine Neoplasia Type I 


The 15 patients with ZES as a manifestation of MEN- 
I had a variety of pathologic lesions and subsequently 
underwent varied surgical management. Gastrinomas 
were identified in nine patients (multicentric in pancreas, 
4; multicentric in pancreas and duodenum, 2; duodenum, 
1; retroperitoneum, 1; and stomach, 1) (Table 4). Three 
such patients had metastatic involvement (lymph nodes, 
2; liver, 1). Six patients had no primary gastrinoma iden- 
tified, although a single patient did have metastatic nodal 
disease. 

Surgical management consisted of total gastrectomy (5), 
tumor enucleation (3), partial gastrectomy (2), distal pan- 
createctomy (2), truncal vagotomy (2), and tumor biopsy 
(1). Postoperative complications were minimal (wound 
infection, 2; pneumonia, 1; urinary tract infection, 1), 
with no postoperative deaths. Three patients required re- 
operation for persistent peptic ulcer disease (Table 6). 
Eight patients remain alive. Deaths were attributable to 
tumor progression (2), peptic ulcer disease (1), and non- 
ZES-related deaths (4). No patient was rendered eugas- 
trinemic despite six patients who underwent duodeno- 
tomy with excision of a duodenal gastrinoma in three. 

Significant prognostic factors (Table 8) were not iden- 
tified for this subset of 15 patients with MEN-I. Long- 
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Fic. 4. Correlation of overall tumor involvement (n = 90) with long- 
term survival. 


term survival of MEN-I patients was, however, equivalent 
to that of patients with sporadic disease. 


Total Gastrectomy 


A total of 40 patients (24 men, 16 women; average age, 
48 years) underwent total gastrectomy as either a primary 
or secondary procedure (Tables 5 and 6) to specifically 
control the symptoms of ZES. Ten patients (25%) incurred 
major complications (anastomotic leak, 3; intra-abdom- 
inal abscess, 2; prolonged ileus, 2; sepsis, 2; small bowel 
obstruction necessitating reoperation, 1; gastrointestinal 
bleeding, 1; and myocardial infarction, 1). Two patients 
died as a direct result of postoperative complications (5% 
operative mortality rate). Average duration of hospital- 
ization was 20 days (range, 8 to 70 days). Twenty-one 
patients remain alive at an average of 16.5 years after 
total gastrectomy. Diarrhea remains problematic in four 
patients, whereas the remainder of this group has stopped 
all usage of pharmacologic therapy. 

Of the 19 deaths in this group, 12 deaths resulted from 
tumor progression, five from unrelated causes, and two 
from complications of the procedure. 


Discussion 


The epidemiologic data of patients with ZES have been 
fully elucidated.'? With a slight male predominance ex- 
isting, identification of ZES may occur in early childhood 
through octogenerians.'? Roughly 75% of patients have 
sporadic disease, whereas the remaining one fourth of pa- 
tients have hypergastrinemia as a manifestation of MEN- 
I. Our study group “conforms” to these epidemiologic 
norms. 

Epigastric pain predominates in patients with ZES and 
is usually the impetus for patients to seek medical advice. 
Ellison and Wilson'* found in a review of a collective 
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registry in 1964 that over one half of the patients had 
ulceration of the duodenal bulb, whereas 26% had ulcer- 
ation of the esophagus or jejunum. Severe diarrhea was 
a prominent symptom in 36% of patients and the sole 
symptom in 7%. The symptom complex of the current 
study group is quite similar, with a long prelude before 
the diagnosis of ZES (as long as 18 years in one patient). 
Serum gastrin quantification (baseline and secretin- 
stimulated) has proven extremely effective since the de- 
velopment of a gastrin radioimmunoassay’ in 1968.° 
However, false-negative results as high as 10% have been 
recorded with secretin stimulation by some authors,!>"!’ 
and baseline fasting serum gastrin levels have been re- 
ported to be nondiagnostic in more than 50% of ZES 
patients.'? From our admittedly select group of patients, 
only two had normal preoperative serum baseline gastrin 
values (<200 pg/mL), although 30% had values less than 
500 pg/mL. All 31 patients tested did have a serum gastrin 
rise of >200 pg/mL within 20 minutes of secretin injec- 
tion. 
When a thorough history and physical examination 
raises the suspicion of ZES, confirmation should be ob- 
tained by documenting the presence of hypergastrinemia 
and by demonstrating a rise in serum gastrin levels of 
>200 pg/mL after secretin stimulation (positive secretin 
test). If gastric analysis is done, the usual findings are an 
increased volume of gastric secretion (8 to 12 L/24 hours), 
increased basal acid secretion (>15 mmol/hr), and a ratio 
of basal versus stimulated (pentagastrin) acid secretion of 
more than 60%. 
Currently, there are essentially four issues that continue 
to provide fuel for heated debate whenever ZES 1s dis- 
cussed: 


I. How may tumor localization be improved on both 
before and during operation? 

2. Is the currently available, extremely effective medical 
therapy preventing potentially curable patients the 
benefit of surgical exploration? 

3. What is the current role of total gastrectomy? 

4, Is the nihilistic surgical attitude concerning patients 
with MEN-I justified? 


Tumor Localization 


The ability to localize the primary tumor and detect 
any liver metastases before operation maximizes the sur- 
geon’s ability to care for the ZES patient. As physician 
awareness and suspicion of ZES increases and laboratory 
analysis improves, gastrinomas causing ZES are being de- 
tected at an earlier stage and thus are becoming more 
difficult to image. In concert with the present series, 30% 
to 50% of primary gastrinomas have not been detected 
before operation by radiographic analysis. Controversy 
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persists regarding the optimal strategy of tumor localiza- 
tion. 

Preoperative computed tomography with intravenous 
and gastrointestinal contrast, coupled with intraoperative 
ultrasound in selected cases, is our method of choice (for 
localization). The usefulness of computed tomography 
scanning to detect hepatic metastases (=> 1 cm) or primary 
gastrinomas (21 cm) is proven.” The accurate resolu- 
tion ta delineate microgastrinomas (<5 mm) is often 
unobtainable, although intra-abdominal resolution with 
CT is currently superior to that obtained with magnetic 
resonance imaging.”’ 

Intraoperative ultrasonographic examination of the 
pancreas and liver is well accepted.””? Sensitivity is high, 
but specificity remains low for primary gastrinomas.” 
Numerous cures of resected pancreatic-, gastric-, and 
duodenal-based gastrinomas found by intraoperative ul- 
trasound have been reported.” We use intraoperative 
ultrasound routinely, particularly when a primary tumor 
is not identified and clinical suspicion of a pancreatic gas- 
trinoma remains high. Although we have not used intra- 
operative endoscopic ultrasound, it may prove to be a 
useful adjunct to tumor localization in selected cases.” 

Vinik and co-workers”* have used selective portal ve- 
nous sampling as a means to regionalize gastrinomas, with 
impressive results. Others have been less enthusiastic 
about this invasive technique.” We have little experience 
with this method of regionalization, believing that the 
procedure is invasive, expensive, and with results that are 
extremely variable. 

Angiography is thought by many to be the most sen- 
sitive study to locate gastrinomas.* Although used fre- 
quently in the 1970s, our inability to consistently. locate 
the primary gastrinoma with this invasive technique has 
made simple angiography virtually obsolete for ZES eval- 
uation at the Mayo Clinic. Since the study’s completion, 
we have used digital subtraction angiography with some 
succes3, and this new modality warrants further evalua- 
tion. 

Although less invasive and technically easier to perform 
than portal venous sampling, the technique of selective 
arterial secretin injection provides regionalization equiv- 
alent td portal venous sampling for pancreatic gastrinomas 
without false-positive studies.” 7? Although we have not 
adopted this newer modality, some authors believe that 
the combination of angiography and selective arterial se- 
cretin injection is the localization procedure of choice for 
gastrinomas.~° This innovative technique should be eval- 
uated with a larger clinical experience. 

We have been disappointed with our ability to localize, 
and resect for cure, gaStrinomas in patients with ZES, 
Although we are currently re-evaluating our approach to 
preoperative and intraoperative localization, we have been 
encouraged by recent reports of new localizing techniques. 
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The in vitro demonstration of somatostatin receptors 
by Reubi et al.*! led to the labeling of octreotide with '*71 
for scintigraphy. Although radionuclide scanning with this 
compound was successful in the demonstration of extra- 
abdominal neuroendocrine tumors, its applicability to 
evaluation of the pancreas is limited by intense hepato- 
biliary excretion of the compound.” An exciting new 
agent ('''In-DTPA-D-Phe), generically termed '!'In-la- 
beled Pentatreotide, appears to have overcome the limiting 
features of '**J-octreotide.*? Krenning et al.*? have re- 
ported a 100% success rate in detecting primary gastri- 
nomas in 10 patients with ZES. If the initial promising 
reports with Pentatreotide continue to be validated with 
increased clinical experience, we may indeed be entering 
into yet another exciting episode in the search for the at 
times elusive gastrinoma. 

Currently, however, despite an array of localization 
techniques before and during operation, nearly 50% of all 
abdominal explorations in patients with ZES may prove 
negative for tumor.** A thorough and diligent visual and 
palpatory search by surgeons educated in the intricacies 
of ZES remains paramount to improving operative suc- 
cess. 


Pathologic Localization 


Gastrinoma is the second most common neuroendo- 
crine tumor of the abdomen.” Most of these tumors are 
reported to occur in the pancreas; however, there are no 
gastrin-producing cells within the normal adult pancreas. 
Some authors have suggested that most gastrinomas are, 
in fact, not within the substance of the pancreas, but lie 
in the immediate vicinity (i.e., extrapancreatic tissue in- 
cluding the duodenum, stomach, lymph nodes, etc.).°° 
Indeed, the absence of immunoreactive gastrin in resected 
pancreatic tumors in patients with MEN-I has led to in- 
tensified surgical exploration for extrapancreatic gastri- 
nomas.” Duodenal gastrinomas are being recognized 
with increasing frequency, as knowledgeable surgeons 
search for these small tumors. -4 

No matter which organ is involved, roughly 80% of all 
gastrinomas identified are contained within the “gastri- 
noma triangle” as defined by Passaro and others (Fig. 
1).!?43 Of the 59 primary tumors identified in this study, 
50 (85%) were located within the gastrinoma triangle. Of 
the 13 duodenal tumors discovered (26%), nine were 
identified since 1976. Unfortunately, absence of identi- 
fiable primary tumor occurred in 31 patients (34%), which 
parallels other reports.*** Encouragingly, more recent 
Studies have identified tumors in more than 85% of pa- 
tients. !”45 

Differentiating benign from malignant gastrinomas 
histologically is virtually impossible. Roughly 60% of gas- 
trinomas are malignant.’* Until histologic differentiation 
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is perfected, malignancy is dependent on tumor extension 
beyond the primary organ (Z.e., nodal or hepatic metas- 
tases). Although only 38% of the study group had evidence 
of malignancy, future follow-up will likely uncover tumor 
progression (malignancy) in additional patients. 


Operative Management 


With the advent of effective gastric-acid antisecretory 
medication, the focus of operative management has 
shifted from control of hypersecretion to tumor resection. 
Surgical resection remains the best therapy for ZES, be- 
cause over half of patients with unresected tumor die of 
their disease. '?:*! 

Aggressive attempts to resect tumor for cure are war- 
ranted. We have, in fact, performed pancreaticoduode- 
nectomy for a single well-differentiated gastrinoma in the 
head of the pancreas (unable to be enucleated) in three 
separate patients with sporadic ZES. A fourth patient was 
similarly treated for localized multiple microadenoma 
(nesidioblastosis), a resection that rendered the patient 
eugastrinemic. Likewise, resection of a hepatic metastasis 
was performed in conjunction with resection of the pri- 
mary tumor in a single patient. Although none of these 
patients sustained postoperative complications, four of 
the five remained hypergastrinemic. Although discour- 
agingly low, a total of 10 patients (11%) were “cured” by 
surgical resection, representing a 34% cure rate of the 29 
bona fide attempts at complete tumor removal. Not sur- 
prisingly, six of 13 patients (46%) with duodenal gastri- 
nomas were rendered eugastrinemic. As the surgical 
management of ZES has evolved over the past 33 years, 
now including thorough evaluation of the duodenum as 
standard practice, we trust that curative resections will 
increasingly become commonplace. 

For patients with an unknown tumor burden, widely 
metastatic disease, or the MEN-I variety of ZES, we have 
been less aggressive surgically. With effective antisecretory 
medication currently available, we do not feel justified in 
subjecting these patients to the risks of total gastrectomy 
or partial pancreatectomy without tumor control. Total 
gastrectomy for most ZES patients, however, has been 
advocated by some.**°*” In a young patient adverse to 
medical therapy or who may be difficult to follow, total 
gastrectomy remains a good treatment option. In such an 
instance, cholecystectomy appears warranted at the time 
of total gastrectomy.” After total gastrectomy, five of our 
patients eventually required cholecystectomy for symp- 
tomatic biliary tract disease. We believe that the indica- 
tions for total gastrectomy are today extremely rare. 

Patients with MEN-I and ZES have not been curable 
in most reports because of tumor multicentricity, 74234230 
Although an attitude of surgical nihilism is omnipresent 
for MEN-I patients with ZES, it is interesting that 
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Thompson et al.** and Pipeleers-Marichal et al.? have 
recently reported “‘cures” after extensive exploration and 
subsequent removal of multiple duodenal microgastri- 
nomas (<5 mm). Their surgical approach has employed 
duodenotomy with excision of one or more microgastri- 
nomas, routine removal of paraduodenal and peripan- 
creatic lymph nodes (many of which will contain meta- 
static disease), and a distal pancreatectomy. This exciting 
work warrants careful attention. 

Similarly, Tisell et al. have suggested total pancreatec- 
tomy in highly selected MEN-I patients to maximize the 
chance of surgical cure.°! In MEN-I families with a history 
of aggressive pancreatic malignancies, this approach may 
be warranted. 

Pharmacologic therapy in MEN-I patients is effective, 
but in patients with uncontrollable symptoms, some?‘ 
have advocated parietal cell vagotomy to be a viable op- 
tion when no tumor is found. Although we have not per- 
formed PCV in this setting, the procedure has been shown 
to reduce gastric acid secretion (and hence H, antagonist 
requirements) by approximately 40% in patients with 
ZES.*4 The advent of omeprazole has, in all probability, 
rendered this surgical option obsolete. 


1.39 


Survival 


Although the 5-year survival for ZES patients with re- 
sectable primary tumor is virtually 100% (whether resected 
or not),°”*? patients with unresectable disease have a poor 
outcome (5-year survival, 43%). A continuum of disease 
exists for patients with ZES.'*3° As Table 9 depicts, pa- 
tients with hepatic metastases fare poorly, followed by 
patients with metastatic nodal disease. Patients with an 
identified primary or patients without identifiable disease 
fare best. No patient who underwent excision of nodal 
disease without a demonstrable primary tumor was 
“cured.” 

Tumor location is important prognostically. 
Reports**> have shown that patients with extrapancreatic 
gastrinomas have longer survival. In our study, patients 
with primary duodenal tumors fared best (Fig. 2) because 
of their increased likelihood of resectability (including six 
“cures’’). 


TABLE 9, Survival Based on Pathologic Findings Encountered 


Average Died of Tumor 
Survival =e 
n (yr) No. (%) 
No identifiable tumor 24 13.7 1/4 (25) 
Primary disease only 32 10.2 5/14 (36) 
Nodal metastases 14 7.0 6/7 (86) 
Hepatic metastases 20 5.4 12/14 (86) 
90 9.6 24/39 (62) 
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Som2 authors have not found gastrinoma size to be a 
significant predictor of survival.>* The prognostic signif- 
icance of tumor size in this study again points to ZES 
being a continuum of disease. The longer the duration of 
tumor Durden, the larger the lesion and subsequent shorter 
surviv=l time from diagnosis (Fig. 3). 

Improved survival among MEN-I patients is contro- 
versial. Multiple reports show a survival advantage for 
ZES pztients with the MEN-I variety.4°° We and others”® 
found no significant difference in long-term survival. 


Conclusion 


Altkough complete resection of tumor burden occurs 
in a minority of patients with ZES, surgical exploration 
should be the initial treatment in most patients without 
liver metastases, because it remains the only chance for 
“cure.” Pharmacologic therapy is highly effective and 
shoulc be the principle treatment for patients who are not 
surg’ ally cured. Prognostic factors correlating signifi- 
car ly with long-term survival are small tumor size, ab- 
sence of metastatic disease, and a nonpancreatic location 
of the primary tumor. 

Fuiasre efforts should be devoted to improved preop- 
erative tumor localization, increased emphasis of the im- 
portazce of duodenal micro-gastrinoma, and a cautiously 
aggresive surgical approach to the ZES patient with 
MEN-I. 
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scared to death I was going to get bullous pemphigus. I have not seen a 
patient with the disease since. It is funny how we get preoccupied with 
rare diseases. 

The Zollinger-Ellison syndrome is not exactly a great epidemiologic 
threat. Many normal people, surgeons, go through a lifetime and never 
see one of these patients. And yet you can see how we have been fascinated 
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by them. I will bet it has been talked about in the literature more than 
a lot of really common, important diseases because they are so dull. 
Well, this disease is not dull. I mean, anytime you read about it, it changes. 
It is remarkable, in fact, that everybody who treats it seems to have a 
different idea about how it ought to be treated nght now. 

One of the things I am really interested in is the idea that it is an 
experiment in nature. I hate that phrase, but it is absolutely correct. We 
had a woman who was 72 years old and came in to see us with diarrhea. 
We got an upper GI series because I did not know what else to do, and 
she had these great redundant mucosal folds. And our radiologist said 
she probably had this Zollinger-Ellison syndrome. This was 1970, and I 
was floored by that suggestion. We measured her gastric acid, and she 
made 55 mEq basal acid per hour—S5 mEq! And she did not have a 
duodenal ulcer; she. did not have an ulcer anywhere. Just think about 
that! She must have had some kind of ironclad duodenum. She also had 
a thousand picograms of gastrin per milliliter. And we operated on her, 
did a total gastrectomy, and she really did fine. 

I think we ought to recognize that there have been several phases of 
surgical interest in this disease. First of all, we were preoccupied with 
the potential lethal consequences of the hypersecretion of acid, and at 
that time we directed our interests to a total gastrectomy. Then after the 
H.-blockers came along, there was a period of absolute nihilism, which 
was championed by a fellow named Dennis McCarthy, who stated that 
these patients should not be operated upon. Then, thirdly, there was a 
gradual realization that these folks tend to die of their tumors, and there 
were several National Institutes of Health papers with Bob Jensen and 
Jerry Gardner, documenting the poor tumor responses to chemotherapy. 
And then synchronous with that was a pericd in which we realized that 
we ought to treat these patients surgically, aiming at preventing death 
of cancer, which is what a malignant gastrinoma is—it is cancer. And 
we owe Ed Pasarro at the VA Hospital in Los Angeles a tremendous 
debt, because he has shown us that these tumors are actually findable 
and that most of them can be eradicated. His last 10 years, they have 
had a 58% incident of eugastrinemia, that is, normal gastrin levels, after 
operating on these people, finding the tumors, and removing the tumors. 

Now this paper reports that only 11% of their patients achieved eu- 
gastrinemia, which ĮI am embarrassed to say is about what we have. Most 
recent papers report greater than 50%, and I would like to ask the authors, 
what has been their recent experience? That is, have you been able to 
find and resect these duodenal microgastrincmas that have been recently 
reported and broaded about everywhere? What has been the fate, as far 
as living, of your multiple endocrine neoplasia (MEN) patients? We, like 
you, have never been able to render a single one of them eugastrinemic 
for more than 4 months. Now there is a trick here, and that is you 
operate on some of them, take out a whole lot of their gastrin-producing 
tissue, and they will be eugastrinemic for a while and you will be going 
around smiling. But then a lot of them, in fact, every one of the MEN 
patients in our experience, ultimately achieve the ability of their metas- 
tases to secrete gastrin. What has surprised us is that of our 11 MEN 
patients, only one has died, and that patient came in to us with massive 
hepatic metastases. We have 10 of them living with high levels of gastrin, 
some of them mere than 2000 pg/mL. They appear to be impossible to 
cure but quite resistant to death. I do not understand that. And what 
has been your death rate, is what I would like to know, at the Mayo 
Clinic? 

And, lastly, I would like to say that I do not know that a Whipple is 
ever justified in this operation. Some people are doing them, but I think 
that it is really hard to justify. And what has been your (1) cure rate 
with a Whipple, and (2) mortality rate in the four patients that you did 
do it on? 

And, lastly, you reported a 4% mortality rate, and I would just like to 
know how those folks died. Thank you very much. 


Dr. ROBERT ZEPPA (Miami, Florida): Dr, Bland, Dr. Jones, Gentle- 
men, I rise only to ask a couple of questions of John after this elegant 
presentation. If I missed it, I apologize, but I thought I saw 150 patients, 
90 of whom were treated surgically. What happened to the other 60? 
How have they fared and how were they treated? Thank you. 


Dr. WALLACE P. RITCHIE, JR. (Philadelphia, Pennsylvania): I certainly 
enjoyed the paper, and I completely agree with the conclusion that better 
methods of localization are needed. 
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John, have you had any experience selective intra-arterial infusion 
while mzasuring intraportal gastrin levels to see if you can localize tumors 
somewhere in the pancreas? We have done a few of these and are en- 
couraged by it. I think that is something that needs to be explored further. 
I would be interested to know what your experience has been. 


DR. DAVID FARLEY (Closing discussion): We would like to thank 
each of the discussants for their comments and pertinent questions. In 
particular, I appreciate Dr. Thompson’s careful scrutiny of our study as 
well as his experienced thoughts on the Zollinger—Ellison syndrome, 

In arswer to Dr. Thompson’s questions, our recent experience has 
proven more successful than our retrospective analysis shows to date. 
Within the past couple of months, we have identified several tumers in 
the ducdenum and, fortunately, those patients are currently eugastri- 
nemic, 30 we are encouraged. Secondly, our experience with the multiple 
endocrine neoplasia (MEN) patients has been significant. Approximately 
33 patients in this retrospective study has the MEN-1 variant of gastri- 
noma. In the patients that we operated on, survival was no different 
than in the patients with sporadic type disease. But, again, this study has 
ali the inherent problems of a retrospective analysis. Many of the patients 
who were not operated on were basically asymptomatic on medication, 
and thev did extremely well and deferred surgery. Therefore, it is dificult 
to make comparisons, but at present, our operative experience has shown 
that there is no difference tn our study between sporadic and MEN-1 
variants. 

We rerformed radical pancreatic duodenectomy on four patients. One 
of the four patients currently is eugastrinemic, We had a 0% operative 
mortality rate with that procedure. The four deaths that we noted in our 
study resulted from sepsis, myocardial infarction, gastrointestinal bleed- 
ing, and pneumonia. In answer to Dr. Zeppa’s question, we did look at 
a total of 156 patients. Therefore, 66 of the patients were not treated 
surgically. Thirty-three of these patients had diffuse hepatic metastases 
as noted by abdominal computed tomography. Twenty of the patients 
deferred surgical management. These patients obviously had the Zollin- 
ger—-Ell_son syndrome, but the medication rendered them asymptomatic, 
and it was difficult to talk these patients into operative treatment when 
they felt perfectly fine on medication. Nine patients over the past 33 
years had the MEN-1 variant with diffuse pancreatic disease; and at the 
time o7 this study, we did not believe that it was proper to operate on 
these people. This would not be our intention today. Two other patients 
were described as poor anesthetic risks and were refused operative treat- 
ment. The selected arterial secretin injection (SASI) test is a very new 
test deised by the Japanese, and they have had success with regionalizing 
gastrinomas. But we, however, think, as Dr. Pasarro has shown, that 
basically 90% of all tumors are located within the gastrinoma tnangle 
and, therefore, we do not believe that this test offers us a great benefit. 

In summary, although recent reports are encouraging for the surgical 
treatment of localized sporadic-type gastrinomas, we remain disap- 
pointed in the modern-day ability to localize all tumors and, more spe- 
cifically, to treat those patients with MEN-1 variant of Zollinger-Ellison 
syndrcme. There is, however, reason for optimism on both fronts. Re- 
cently, a group of European investigators accurately localized gastrinomas 
in 10 patients using indium-labeled pentatreotide. This modified so- 
matos-atin analog was given intravenously, and detailed localization via 
nuclear imaging was evident in all 10 patients at 24 hours. Although this 
is a small study, we may be entering a new era of improved preoperative 
tumor localization. 

Although we did not render any of our patients with the MEN-1 variant 
of Zol_inger~Ellison syndrome eugastrinemic, two separate groups have 
recently reported encouraging results within the past year. Dr. Norman 
Thompson’s group from the University of Michigan and Dr. Pipeleers- 
Maricral and colleagues from France have each had success rendering 
patients eugastrinemic with the MEN-1 variant of Zollinger-Ellison syn- 
drome. Both groups advocate resection of obvious gastrinoma as well as 
lympt. node dissection along the duodenum and up into the hepato- 
duodenal ligament as well as a standard distal pancreatectomy. But, 
most _mportantly, they encourage us to evaluate the duodenum thor- 
oughly and remove any palpably abnormal tissue. This is done through 
a longitudinal duodenotomy. The optimism of these reports must be 
tempered, however, in that only a few of these patients actually have 
normal secretin-stimulated gastrin values after operation. Although fol- 
low-u2 is short, this aggressive technique has yielded encouraging results 
and certainly warrants further consideration. Thank you very much. 





Percutaneous Catheter Drainage Compared With 
Internal Drainage in the Management 


of Pancreatic Pseudocyst 





The records of 92 patients with symptomatic pancreatic pseu- 
docysts referred for surgical management over a 27-year period 
were retrospectively reviewed to compare outcome in 42 patients 
managed with operative internal drainage procedures (group I) 
with that in 52 patients managed with computed tomography- 
directed percutaneous catheter drainage (PCD) (group ITI). The 
two groups were similar for patient age, sex, pseudocyst location, 
and cause. The frequency of antecedent pseudocyst-associated 
complications was less in group I (16.7 versus 38.5%, p < 0.05). 
Seven group I patients and four group II patients had major 
complications (16.7 versus 7.7%, not significant). Group IT mean 
duration of catheter drainage was 42.1 days, and the drain track 
infection rate was 48.1%. The frequency of antecedent operative 
cyst drainage was similar (14.2 versus 13.5%), as was the fre- 
quency of subsequent operations for complications related to 
chronic pancreatitis (9.5 versus 19.2%, not significant). Mortality 
rate was greater in group I (7.1% versus 0%, p < 0.05). Pseu- 
docysts can be effectively managed either by open operation with 
internal drainage or by PCD. Drawbacks of PCD include the 
controlled external pancreatic fistula and the risk of drain track 
infection. Percutaneous catheter drainage has the following ad- 
vantages: (1) low mortality rate, (2) does not require a major 
operation, (3) does not violate the operative field in cases when 
subsequent retrograde duct drainage procedures are required. 
Neither PCD nor internal drainage is definitive, and with either 
technique subsequent correction of underlying pancreatic pa- 
thology may be necessary. 


pancreatic pseudocysts with computed tomogra- 

phy (CT), ultrasound, and fluoroscopic guidance 
has been increasingly employed as an alternative or ad- 
junct to operative drainage of pancreatic pseudocysts over 
the past decade.'-* Over the years, the cornerstone of 
therapy for symptomatic pancreatic pseudocysts has been 
internal drainage with cystgastrostomy, cystduodenos- 
tomy, or cystjejunostomy.*~° To evaluate the role of per- 
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cutaneous catheter drainage in the management of pan- 
creatic pseudocysts, we compared the clinical presentation 
and outcome in patients managed with operative internal 
drainage with that in those managed with CT-directed 
PCD over a 27-year period. 


Subjects and Methods 


The records of 42 patients with symptomatic pancreatic 
pseudocysts who were managed with operative internal 
drainage from 1965 to 1991 (group I) and 52 patients 
treated with PCD from 1982 to 1991 (group II) were re- 
viewed retrospectively. Patient age, sex, pseudocyst cause, 
cyst location, antecedent pseudocyst-related complica- 
tions, procedures performed in the management of pseu- 
docysts before referral, procedures employed in manage- 
ment, postoperative morbidity and mortality rates, and 
length of hospital stay were analyzed. 

Operative or radiologic intervention was undertaken 
electively; patients with severe acute pancreatitis, infected 
pancreatic pseudocysts, and pancreatic abscess were ex- 
cluded. Selection of cystgastrostomy, cystduodenostomy, 
or cystjejunostomy was based on cyst location. Initially, 
we employed PCD to treat patients with major medical 
comorbidity; subsequent experience with this technique 
has increased over the study period (Fig. 1). Percutaneous 
catheter drainage currently is used almost exclusively to 
treat symptomatic pancreatic pseudocysts larger than 5 
cm in diameter without evidence of associated pancreatic 
duct dilation on CT scan. Percutaneous catheter drainage 
was performed in the radiology department under local 
anesthesia with CT guidance. Needle and guide wire lo- 
calization preceded placement ofa 7- to 12-French pigtail 
catheter into the collection, which was connected to a 
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FIG. 1. Percutaneous catheter drainage has been used increasingly since 
it was first introduced in 1982. @, internal; O, percutaneous catheter 
drainage. 


closed drainage system (Fig. 2). Bacterial and fungal cul- 
tures of the fluid were obtained initially and were repeated 
when patients developed fever or leukocytosis. Discrete 
variables in group I and group II were compared with the 
chi square tests. Continuous variables were analyzed with 
Wilcoxon’s rank sum tests. Significance was accepted 
when p < 0.05. 


Results 


The two groups were similar for age, sex, pseudocyst 
location, and underlying cause (Table 1). Most pseudo- 
cysts represented complications of pancreatitis due to al- 
cohol abuse. Other causes of pseudocysts included biliary 


S€ 420m 
SH 10m 
a a | 

G isi 


Ann. Surg. Ħ June 1992 


pancreatitis, operative or blunt trauma, and sarcoidosis. 
Four patients in group I and three in group II had more 
than one cause or were classified as having idiopathic 
pancreatitis. Multiple cysts were present in three patients 
in group I and two patients in group II. 

Pseudocyst-related complications present at the time 
of treatment were seen more frequently in group II (Table 
2). Cyst-enteric fistulas were less frequent in group II; 
however, pancreatic ascites, pancreatopleural fistula, bil- 
iary obstruction, duodenal obstruction, and splenic vein 
occlusion were more common. 

Antecedent cyst drainage procedures were noted with 
similar frequency in both groups (Table 3). One patient 
in group II had undergone PCD | year previously. 

Twenty-seven patients in group I were managed with 
cystgastrostomy, nine with cystduodenostomy, and six 
with cystjejunostomy. Three patients in group I had mul- 
tiple cysts; one had a double cystgastrostomy and two 
were managed with cystgastrostomy and caudal pancre- 
atectomy with cyst excision. In group II, both patients 
with multiple cysts were managed with two percutaneous 
catheters. 

Treatment morbidity rate is summarized in Table 4. 
Seven patients in group I and four patients in group II 
had major complications, including hemorrhage, sepsis, 
respiratory failure, and myocardial infarction (16.7% ver- 
sus 7.7%, not significant). In group II, mean duration of 
catheter drainage was 42.1 days (range, 6 to 210 days). 
Twenty-five of 52 patients (48.1%) developed drain track 
infections; organisms cultured from drainage fluid are 
listed in Table 5. In 11 patients cultures yielded single 
organisms. Staphylococcal species were frequently cul- 
tured, present in 22 of 25 (88.0%) of patients. The duration 
of drainage was less in patients with negative cultures 
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FIG. 2. (A, left) Computed tomography scan showing pseudocyst in region of pancreatic head (white arrow). (B, right) Five days later, needle and 
guidewire localization preceded placement of 8-French pigtail catheter (white arrow) into cyst. 
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TABLE 1. Patient, Sex, Age, Pseudocyst, Cause, 
and Predominant Cyst Location 








Group | Group H 
(Internal) (Percutaneous Catheter 
n = 42 Drainage) n = 52 
Sex 
M 29 (69.0%) 44 (84.6%) 
F 13 (31.0%) 8 (15.4%) 
Age (yr) 
Mean 45.5 43.2 
Range 23-72 21-66 
Pseudocyst cause 
Alcohol abuse 31 (73.8%) 42 (80.8%) 
Gallstones 5 (11.9%) 3 (5.8%) 
Other 6 (14.3%) 7 (13.5%) 
Pseudocyst location 
Head 12 (28.6%) 13 (25.0%) 
Body 23 (54.8%) 29 (55.8%) 
Tail 7 (16.7%) 10 (19.2%) 





(mean, 24.2 versus 61.4 days; median, 18 versus 55 days, 
p < 0.05). Organisms cultured from drainage were not 
present in concomitant blood cultures obtained from 16 
patients. Length of hospital stay was similar (mean, 36.7 
versus 39.8 days; median, 36 versus 30 days, not signifi- 
cant). 

There were three postoperative deaths in group I (Table 
6) and none in group II (7.1 versus 0%; p < 0.05). 

Subsequent operations required for complications re- 
lated to chronic pancreatitis are listed in Table 7. In group 
I, four patients had subsequent operations. One patient 
who had a cystjejunostomy developed chronic pain in 
association with a dilated pancreatic duct, which was 
managed with lateral pancreaticojejunostomy 1 year later. 
Two patients required gastrojeyunostomy for gastric outlet 
obstruction due to duodenal stenosis, and one required a 
biliary enteric bypass. In group I], two patients subse- 
quently underwent lateral pancreaticojejunostomy, one 
in combination with biliary enteric bypass. Three patients 
had nondilated pancreatic ducts with strictures in the genu 
or midbody; two had retrograde drainage of the duct after 
caudal resection using a caudal pancreaticojejunostomy. 


TABLE 2. Antecedent Complications 


Group | Group H 
(Internal) (Percutaneous Catheter 
n = 42 Drainage) n = 52 
Cystenteric fistula 4 | 
Pancreatic ascites i 10 
Pancreatopleural fistula 0 3 
Biliary obstruction 4 
Duodenal obstruction 0 2 
Splenic vein occlusion i 3 
Total patients* 7 (16.7%) 20 (38.5%) 


* Includes patients with multiple complications. 
f p < 0.05 compared with Group H. 
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TABLE 3. Antecedent Cyst Drainage Procedures 





Group Í Group I 
(Internal) (Percutaneous Catheter 
n = 42 Drainage) n = 52 
Cystgastrostomy 4 4 
Cystjejunostomy l 0 
External drainage ] 2 
Percutaneous catheter drainage 0 1 
Total patients 6 (14.2%) 7 (13.5%) 





The third had a resection of a cyst and midbody stricture 
with pancreatic duct ligation. Another patient developed 
ductal obstruction in the tail of the pancreas after sple- 
nectomy for traumatic splenic rupture with prolonged 
pseudocyst drainage, which was managed with caudal re- 
section and caudal pancreaticojejunostomy. Two patients 
had subsequent vagotomy and gastrojeyunostomy for gas- 
tric outlet obstruction due to duodenal stenosis. Two pa- 
tients with multiple cysts initially treated with PCD had 
retrogastric collections, which were inaccessible to PCD 
and required operative external drainage. 


Discussion 


The two groups were remarkably similar in terms of 
patient characteristics such as age, sex, and pseudocyst 
location and number. The underlying cause was predom- 
inantly chronic pancreatitis secondary to alcohol abuse, 
consistent with previous reports in the literature.“ 

Both groups contained examples of pseudocyst com- 
plications that were present at the time treatment was 
initiated. The number of antecedent complications was 
substantially higher in group II. This was, at least in part, 
related to improved diagnostic technology available in 
the later years of the review, and accounts for an increased 
frequency of identification of pancreatic ascites (CT), bil- 
iary stricture (endoscopic retrograde cholangiopancrea- 
tography), and splenic venous occlusion (CT, splanchnic 
angiography). !? 


TABLE 4. Morbidity 


Group | Group II 
(Internal) (Percutaneous Catheter 
n= 42 Drainage) n = 52 

Hemorrhage 2 (4.8%) 1 (1.9%) 
Sepsis 2 (4.8%) 1 (1.9%) 
Respiratory failure/pneumonia 2 (4.8%) 1 (1.9%) 
Myocardial infarction 1 (2.4%) 1 (1.9%) 
Gastric ileus 1 (2.4%) 0 
Colonic ileus 0 1 (1.9%) 
Pneumothorax 0 1 (1.9%) 
Pancreatocolonic fistula 0 1 (1.9%) 
Dislodged catheter 0 3 (5.7%) 
Drain track infection 0 26 (50.0%) 
Pancreatocutaneous fistula 0 52 (100%) 
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TABLE 5. Organisms Cultured From Drainage 
Catheters in 25 Patients 





Organism Patients (n) 





Gram-positive organisms 
Coagulase-negative Staphylococcus 
Staphylococcus aureus 
Enterococcus sp. 

Corynebacterium sp. 

Methicillin-resistant Staphylococcus aureus 
Streptococcus viridans 

Streptoceccus sanguis I 

Gram-negative organisms 
Pseudomonas aeruginosa 
Escherichia coli 
Enterobacter cloacae 
Proteus mirabilis 
Pseudomonas maltophilia 
Pseudomonas fluorescens 
Klebsiella oxytocca 
Klebsiella pneumoniae 
Serratia marcescens 
Acinetobacter calcoaceticus var. anitratus 
Bacteroides ovatus 

Fungal organisms 
Candida albicans 
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The complications resulting from internal drainage 
procedures differed, both in type and magnitude, from 
thosé associated with PCD. Major complications after in- 
ternal drainage consisted of gastrointestinal hemorrhage, 
sepsis, respiratory failure and pneumonia, and myocardial 
infarction, and were similar to previous reports for this 
procedure*°!3; the morbidity rate of 16.7% was consistent 
with recent reports of operative management of pancreatic 
pseudocysts.°-!°!4-'© Similar complications occurred in 
patients with PCD and, although less frequent, the dif- 
ference was not significant. Previous experience with ex- 
ternal pancreatic fistula after operative external drainage 
of pancreatic pseudocysts indicated that most fistulas close 
spontaneously over the course of 2 to 6 weeks.!” Our re- 
sults are similar to this experience. Octreotide acetate, a 
somatostatin analog, inhibits pancreatic exocrine secre- 
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tion‘ and holds considerable promise for accelerating 


closure cf pancreatic fistulas after PCD. 

The most'prominent problem encountered in the use 
of PCD -was the high rate of drain track infection. All of 
these pazients had clinical findings indicating infection, 
including fever or leukocytosis, which was treated with 
appropriate systemic antibiotics and responded promptly; 
none developed concomitant positive blood cultures or 
an abscess that required operative drainage. We presume 
that these infections were caused by skin contaminants, 
based on the high number of infections caused by resident 
normal flora of the skin. Also noted were a high number 
of infections with gram-negative bacilli, organisms known 
to colonize the skin of hospitalized patients.! The inser- 
tion of catheters through the skin may lead to local in- 
fection, which can progress to deep infection and bacter- 
emia. A direct relationship has been observed between 
duration of catheterization and the incidence of infection 
with indwelling intravascular catheters.” Our findings 
were similar with PCD; drain track infection was asso- 
ciated with increased duration of catheter drainage. The 
obvious :mportance of drain track infection and its effect 
on the length of fistula drainage dictates a need to improve 
the techrique of catheter management during PCD. Dur- 
ing the p2riod of study, sterile dressings were maintained 
over the zatheter site at skin level. We have established a 
catheter care protocol similar to that employed with cen- 
tral vencus lines in an effort to reduce the rate of drain 
track infection. Antiseptic and antibiotic catheter irriga- 
tions have not been employed. 

Three deaths occurred in the group I patients (7%); this 
is consistent with recent studies of internal drainage, which 
reported mortality rates ranging from 8% to 13%.*-7!9 
The three deaths occurred in the middle decade of the 
study; sepsis and associated respiratory failure were major 
factors. Whether modalities of treatment currently avail- 
able, inc.uding advances in anesthesia, improved anti- 
biotic therapy, and better respiratory therapy would have 
prevented these unsatisfactory outcomes is problematic. 


TABLE 6. Postoperative Deaths in Croup I 


Operation 


Cystgastrostomy, cholecystectomy, common 
bile duct exploration, cholangiogram 
excision cystjejunal fistula 


1978 40 M Cystgastrostomy 


1979 24 F Cystgastrostomy 


Postoperative 
Day of 
Comorbid Coaditions Complications Death 
Cholelithiasis, cystjejunal Staphylococcal sepsis, upper 76 
fistula gastrointestinal bleeding 
due to gastritis, 
myocardial infarction 
Head and neck Gram-negative sepsis, adult 16 
squamous cel cancer respiratory distress 
syndrome 
None Pneumonia, adult 42 


respiratory distress 
syndrome 
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TABLE 7. Time Interval From Drainage Procedure to Subsequent 
Operation for Management of Chronic Pancreatitis 


Group H 
Group I (Percutaneous 
(Internal) Catheter 
n = 42 Drainage) 
n = 52 
No. a eee 
Operation (Interval) No. (Interval) 
Lateral pancreaticojeyunostomy I (1 yr) 2 (1 yr) 
Caudal pancreaticojejunostomy 0 3 (<1 yr) 
Caudal pancreatectomy with 
cyst excision 0 1 (<1 yr) 
Gastrojejunostomy 2 (2 yr, 1 yr) 2 (<1 yr) 
Biliary—enteric bypass I (4 yr) 1 (1 yr)* 
External cyst drainage 0 2 (<1 yr) 
Total patients 4 (9.5%) 10 (19.2%) 


* Also had lateral pancreaticojejunostomy. 


No deaths have occurred up to the present in patients 
treated with PCD. 

The length of hospital stay was similar in the two 
groups. In group I, timing of the internal drainage pro- 
cedure often was determined by a policy to perform the 
operation approximately 6 weeks after the cyst became 
clinically apparent. This was based on evidence that some 
pseudocysts spontaneously resolve during this interval,” 
and that cysts that persist develop a dense fibrous wail 
that facilitates a safe cystenterostomy. After operation, 
the recovery period for internal drainage was usually short 
in uncomplicated cases. In group II patients, less impor- 
tance was attached to the development of cyst wall ma- 
turity, and catheter drainage was instituted soon after di- 
agnosis of the pseudocyst. Much of the hospitalization 
was required to stabilize and manage the resulting exter- 
nal pancreatic fistula and associated drain track infec- 
tions. Although several early reports suggested that fistulas 
that occur after PCD close over the course of several 
weeks,’ our mean drainage time was 6 weeks. 

It is important to emphasize that successful elimination 
of a pseudocyst by any means cannot be expected to cor- 
rect the underlying chronic pancreatitis that is responsible 
for the development of the pseudocyst in most cases. A 
number of patients in both groups required previous 
pseudocyst drainage, and therefore represented a recur- 
rence of the problem. Not unexpectedly, a similar number 
of patients treated either with internal drainage or PCD 
subsequently have required surgical procedures to manage 
progression of the underlying pancreatitis. This fact sup- 
ports the logic of combining a retrograde drainage pro- 
cedure and cyst decompression or resection whenever 
possible. For example, smaller cysts often can be decom- 
pressed and incorporated into a lateral pancreaticojeju- 
nostomy to achieve a more definitive correction both for 
the pseudocyst and the underlying obstructed and dilated 
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pancreatic ducts. Smaller cysts located in the pancreatic 
tail can be resected and the pancreatic duct drained either 
with caudal or lateral pancreaticojejunostomy. 

Rarely, pancreatic neoplasms may present as pseudo- 
cysts. We are aware of two patients with pancreatic ductal 
adenocarcinoma who presented with a pseudocyst that 
developed secondary to ductal obstruction during the 
study period. These patients were managed initially with 
internal drainage only to return with evidence of tumor 
progression; accordingly, they were excluded from the 
study. Warshaw et al.” have emphasized that tumors may 
masquerade as pseudocysts; this 1s particularly true with 
rare cystic neoplasms such as pseudomucinous cystade- 
nocarcinoma. This uncommon occurrence provides jus- 
tification for biopsy of the cyst wall at the time of internal 
drainage to avoid overlooking a neoplastic process. It also 
raises a modest level of concern in cases in which PCD is 
employed. Failure of cyst resolution, early reaccumulation 
ofa cystic collection, or persistence of the cyst wall should 
raise suspicion that a tumor, rather than a simple pseu- 
docyst, may be present. To our knowledge, we have 
not encountered this problem in any patient managed 
with PCD. 

Several recent reports emphasize that asymptomatic or 
minimally symptomatic pancreatic pseudocysts identified 
on CT scan can be safely managed nonoperatively.**”° 
This experience indicates that about one half to two thirds 
of patients managed expectantly will avoid operation over 
an observation period longer than 1 year. Multiloculated 
cysts and cysts larger than 6 cm in diameter were more 
likely to require operative treatment. 

Our findings indicate that pancreatic pseudocysts can 
be successfully managed with either operative internal 
drainage or percutaneous catheter drainage. Internal 
drainage requires a period of observation before operation 
to permit maturation of the cyst wall; however, the post- 
operative recovery usually is prompt, and postoperative 
pancreatic fistula is rare. Complications occur in approx- 
imately 20%, with sepsis a major factor. Current mortality 
rates are below 6%.®*'*2>27 Percutaneous catheter drain- 
age can be instituted early in the course, and has the ob- 
vious advantage of avoiding a major abdominal operation, 
which violates the surgical field in those cases requiring a 
subsequent procedure such as lateral pancreaticojejunos- 
tomy to correct underlying pancreatic ductal obstruction 
associated with chronic pancreatitis. The principal dis- 
advantage of PCD is the resulting pancreatic fistula, which 
in our experience required 6 weeks to close, and which 
carried a substantial risk of infection; the latter problem 


_ responds to antibiotic therapy, but is associated with an 


extended drainage period. We have not encountered a 
death that occurred as a consequence of PCD when em- 
ployed electively in the management of pseudocysts. 

In considering the approach to pancreatic pseudocysts, 
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the size as well as associated pancreatic pathology enter 
into the choice of management: 

Asymptomatic pseudocysts less than 6 cm in diameter 
often can be followed with an expectation of complete 
resolution in most cases and with a low incidence of com- 
plications. 

Small symptomatic pseudocysts that occur in associa- 
tion with a dilated pancreatic duct can be decompressed 
and incorporated into a lateral pancreaticojejunostomy 
used for ductal drainage.?® Occasionally, smaller cysts in 
the tail may be associated with little or no ductal dilation. 
Because of their location, they are difficult to drain inter- 
nally or externally and carry a risk of hemorrhage because 
of the close proximity to the spleen and its pedicle. We 
have resected these, along with the spleen, and drained 
the transected pancreas with a caudal pancreaticojeju- 
nostomy with success. 

Because of their location, large pseudocysts preclude 
any definitive approach to the underlying pancreatic in- 
flammatory disease, and our management preference is 
PCD. This approach should be undertaken recognizing 
that subsequent operative correction of underlying pan- 
creatic pathology may be required. We continue to use 
internal drainage when PCD is not possible because of 
pseudocyst location. 

The principal disadvantages related to PCD include 
prolonged external pancreatic fistula and secondary in- 
fection of the catheter track. Both of these problems may 
be in part correctable using somatostatin analogs to pro- 
mote early fistula closure and fastidious attention to the 
prevention of drain track infections. 
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it contamas a lot of information that Dr. Anderson did not have time to 
present 1 his report today. The initia! treatment of pseudocyst was pri- 
marily tv external drainage. And as all of you know, a number of tech- 
niques vere developed. This included marsupialization, which is a highly 
morbid procedure, really. Most commonly, the external drainage was 
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by catheter drainage. The problem with external drainage in those days 
was the fact that everyone developed a pancreatic fistula, as was true in 
this series, and, secondly, there was a 20% incidence of recurrence of the 
pseudocyst; the development of internal drainage tended to prevent both 
of those late problems. 

There are a number of items to note in this report. One is the tre- 
mendous increase in pancreatic pseudocysts that have been treated by 
Dr. Anderson and Dr. Adams in recent years. It took them 27 years to 
- get 42 internal drainage procedures and only 8 years or so to get 52 
radiographic catheter drainages. I am curious as to whether there has 
truly been an increased incidence of this problem or whether there ts 
interest in putting catheters in, in circumstances where we would not 
have subjected the patient to an operation for drainage. The problem, 
obviously, with catheter drainage has been primarily the development 
of the fistula. And in the substance of the paper, it is pointed out that 
the chronicity of the fistula after this procedure has been muck greater 
than anticipated. 

Dr. Anderson did not discuss the handling of the catheter, and I would 
ask him to do that in his closing remarks. These are pigtail catheters, 
and I have always believed that once a fistula has developed that the 
drainage tube or catheter should be moved away from the panzreas. It 
should not be totally removed because the skin may close prematurely, 
but it should be moved away from the pancreas because I firmly believe 
that a catheter remaining in contact with a fistula prevents fibrous de- 
velopment and closure of the fistula. 

The absence of mortality is certainly impressive and, it is hoped that 
will continue. In the management of the chronic fistulas, they apparently 
have only recently started using somatostatin and its analogs. Cur own 
experience has been limited with it. As you know, there are those who 
feel that this is the answer to pancreatic fistulas. I have not found it to 
- be so. Some people seem to respond; other people just do not seem to 
have any change in the course of their disease. Dr. Anderson did not 
mention the use of endoscopic retrograde cholangiopancreatography or 
sinograms in the management of these patients, and in our experience 
there are many patients with whom these tests are helpful, both in defining 
pathology and in directing surgical treatment, as well as in evéluating 
the possible cause of the prolonged drainage when a fistula occurs, As 
was true in his experience and has been in ours, the fistulas do close, but 
some of them do stay open for a long time. Surgical repair, however, is 
virtually never required. Thank you, 


Dr. ROBERT HERMANN (Cleveland, Ohio): Dr. Bland, Dr. Jones, 
Members and Guests, I would like to congratulate Dr. Anderson and 
Dr. Adams for this excellent review and comparison study of pseudocyst 
management. The manuscript is rich in detail, as Dr. Jordan mentioned, 
and I appreciate the opportunity to have reviewed it for this discussion. 
The principal message of the report, I believe, is that percutaneous catheter 
drainage with computed tomography guidance ts safe and is equally 
effective as open- operative drainage in this group of patients. 

Although the two groups were similar in almost all parameters, it must 
be re-emphasized that group | patients were treated over a 26-year period 
whereas group 2 patients were treated only during the past 9 years. This 
difference in time periods with the many differences in diagnostic and 
therapeutic modalities that were introduced during that time could well 
account for the differences in morbidity and mortality rates between the 
two groups. Furthermore, I think it is important to recognize that all 
patients were treated electively, and excluded from the study were patients 
with acute pancreatitis and patients with infected pseudocysts or abscesses. 
It is important to recognize that this is a selective group of patients, 
predominantly patients who develop pseudocysts from chronic pancre- 
atitis, although the authors did not identify how many patients in either 
group had pseudocysts as a result of acute pancreatitis. 

Finally, the size of the pseudocyst is an important criteria. The authors 
state that currently percutaneous catheter drainage is used almost exclu- 
sively to treat symptomatic pseudocysts larger than 5 cm in diameter 
without evidence of pancreatic duct dilatation on computed tomography 
scans, I have two questions for the authors: First, how many patients in 
this series had a pseudocyst after an episode of acute pancreatitis, and 
would you treat this patient with percutaneous catheter drainage as well 
as the group of patients with chronic pancreatitis? And, secondly, in the 
patient with chronic pancreatitis who develops a large pseudocyst 5 or 
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6 cm in diameter but has obstructive changes in the pancreatic duct as 
seen on an endoscopic retrograde cholangiopancreatogram, would you 
use catheter drainage as a first approach or as part of a staged approach 
to the problem? Or just go on with an operative internal drainage as 
definitive treatment? I enjoyed the paper very much, and I recommend 
it to you for your reading, Thank you. 


Dr. WILLIAM NEALON (Galveston, Texas): Dr. Bland, Dr. Jones, 
Members and Guests, I also would like to congratulate the authors on 
a superb presentation of their retrospective study of 92 patients treated 
for pseudocysts of the pancreas. As Dr. Jordan mentioned, a well-doc- 
umented problem with external drainage that surgeons looked at long 
ago was the high rates of recurrence and pancreatic fistula that resulted. 
Percutaneous computed tomography directed drainage behavior in a 
similar manner, and recurrence rates have been quite high. The way to 
try to reduce those recurrence rates was to leave the catheter in for long 
periods. The resulting complication with long-term external drainage 
was a higher rate of infection. Dr. Anderson states that 25 of his patients 
who were externally drained had infection of the tract, which he distin- 
guishes from sepsis on the basis of an absence of positive blood cultures. 
I wonder if Dr. Anderson would mind giving us a few more details about 
the patients with the so-called tract infection and whether any of them 
actually looked acutely ill. 

I notice that ten of the patients who had external drainage had a 
finding of pancreatic ascites. It has been our experience that with pan- 
creatic ascites, endoscopic retrograde cholangiopancreatogram (ERCP) 
defines a communication between the pancreatic duct and the perito- 
neum. We consider these patients poor candidates for external drainage 
because of the likelihood of continued drainage of the duct and fistula. 
I wonder if you have any information on your ascites patients, whether 
they have fared any better or worse than your long-term results overall. 

You do not mention any recurrence in the percutaneously drained 
patients, and I do not know if that means that you had 0% recurrence 
after the drainage or not. Can you tell us what your information is on 
recurrence? Obviously, one of the down sides of percutaneous drainage 
is the fact that you may prolong the hospitalization, and your mean 
hospitalization of 42 days for your patients who were drained is testament 
to that fact. I was surprised to see the length of hospitalization for your 
operatively drained patients, and I wonder if you could give us some 
information on the reason for those prolonged hospitalizations. 

Finally, approximately 4 years ago, I presented to this society some 
information on prospectively evaluating ERCP information in patients 
with pseudocysts. As Dr. Hermann mentioned, these could be very valu- 
able in making a strategy, specifically in unanticipated patients with 
chronic pancreatitis. I wonder if you have any information on ERCP 
evaluation of these patients. Specifically, were any of the patients treated 
with a combined Puestow as well as pseudocyst drainage when you had 
that kind of information before operation? J thank the Society for the 
privilege of the floor. 


Dr. J. LYNWOOD HERRINGTON, JR. (Nashville, Tennessee): Dr. Bland, 
Dr. Jones, Members and Guests, I really have enjoyed this presentation 
very much, and I would like to congratulate Andy on his experience 
with percutaneous catheter drainage. I have had the opportunity recently 
to review numerous papers on the management of pancreatic pseudocysts 
for a surgical modality that Andy Warshaw and I recently put together. 
I think the results shared this morning are really superb. They are simply 
outstanding. There are, however, many groups around the country and 
abroad who cannot report such excellent results with percutaneous 
drainage because it is associated with significant complications and not 
infrequently it does not get the job done. I do think that we should not, 
by any means, give up internal drainage of the pancreatic pseucocyst 
because it is an excellent operation with few complications and good 
long-term cure rates. I would give consideration, however, to performing 
percutaneous catheter drainage as the initial procedure for the high-risk 
patient with a symptomatic pseudocyst. As you know, endoscopy-guided 
catheter drainage has been recently reported with some success in a few 
centers, but very few clinics, relatively speaking, have had significant 
experience with this new modality. 

Andy, I would like to ask you three questions: In performing a cyst 
gastrostomy do you ever drain the cyst cavity with a Penrose drain and 
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bring it out through the anterior gastrotomy incision or closure? I know 
that some groups advocate that. | 

Also, some recent authors, particularly in Europe, have reported un- 
satisfactory results from internal drainage using cyst gastrostomy for huge 
cysts [0 to 15 cm or more in diameter, even when they present entirely 
behind the pancreas. I have had good results in my limited experience 
with huge cysts just using the pancreatic cyst gastrostomy and have used 
Roux-en-Y drainage only when the cyst presents up against the transverse 
mesocolon. Now, Andy, how would you manage a patient with an ex- 
tensive enterocystic hemorrhage from a ruptured pseudoaneurysm of 
the splenic or the gastroduodenal artery, and what have your results been 
with this procedure? Again, I enjoyed the paper. 


Dr. DAVID ADAMS (Closing discussion): Thank you very much, Dr. 
Jones and Dr. Bland. Let me begin at the beginning with Dr. Jordan 
and comment on the incidence of pancreatic pseudocysts, which seem 
to have increased recently. Part of this is related te the fact that we have, 
in this study, excluded a number of patients who were treated with com- 
bined drainage procedures. If you look at the number of pseudocyst 
patients that Dr. Anderson has been involved with over the past 27 years, 
there were 160 patients. And so there are a number of patients who we 
have not identified in this study who were treated during the early study 
period when percutaneous cathether drainage (PCD) was not used. In 
addition, I think we will all agree that the use of computed tomography 
(CT) scans has changed the pattern of the presentation of patients with 
pancreatic pseudocysts. 

The second question of Dr. Jordan’s related to handling of the catheter. 
Dr. Anderson made allusion to the importance of the catheter care. I 
think in our earlier experience we have been frivolous in managing the 
skin care and dressing care with these catheters. Another important factor 
Dr. Jordan identified has to do with the proximity of the catheter to the 
pancreatic duct. And I think we would agree with him that proximity 
to the pancreatic duct increases the duration and the volume of the 
drainage. We have had several patients who have had catheters in the 
region of the head of the pancreas who, on sinogram studies, have dem- 
onstrated direct communication with the duct and the duodenum. These 
fistulas did not close until the catheter was withdrawn. Our experience 
with octreotide is limited also. We have reported five patients with pro- 
longed pancreatic fistulas after PCD in whom octreotide has been used. 
These were patients with fistulas for longer than 4 weeks. We noted that 
there was diminishment after 24 hours to 52% in the fistula output and 
found that all these fistulas eventually closed. We currently are looking, 
in a prospective fashion in patients managed with PCD, randomizing 
them to treatment with octreotide and treatment without. 

_ As for the question regarding the value of the endoscopic retrograde 
cholangiopancreatcgraphy (ERCP), currently our approach is to evaluate 
the duct from the back side. We use the ERCP in cases of recurrence of 
pseudocysts or associated complications, biliary obstruction, pancreatic 
ascites, or other problems. Sinograms are used routinely in the follow- 
up of the patients with PCD, and all patients who have PCD have either 
a weekly CT scan or a sinogram. The sinogram has been very important 
in assessing patients who have been what could be called failures of PCD, 
in that they required subsequent operations. The problem that has been 
most common thet we have identified are patients who do not have a 
dilated pancreatic duct but have a localized stricture at the genu of the 
pancreas. 

I appreciate Dr. Hermann’s comments. Again, he made reference to 
the long time period of this study. I think we should be clear to emphasize 
in this discussion that we really are comparing apples and oranges. These 
are dissimilar groups of patients. There are, however, many similarities 
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between ples and oranges. They are both round, both begin with a 
vowel, amd both are fruits. And we have attempted to emphasize the 
similaritie.. that we could between these two groups of patients. Dr. Her- 
man asked about the number of patients who have had acute pseudocysts. 
We have been uncomfortable about classifying these patients as acute 
or chronic pseudocysts. We believe that most of these patients are chronic 
pseudocyss. We pay particular attention to the study that Dr. Nealon 
reported here several years ago, involving nine of 24 patients whom they 
had initially identified as having acute pseudocyst related to acute pan- . 
creatitis. Dn evaluation with ERCP, they found that they hdd changes 
of chroniz= pancreatitis. So we believe that in most of our patients, these 
represent chronic pancreatitis. And then again, Dr. Hermann mentioned 
the quest.on of staging of pancreatic pseudocyst. That may be a euphe- 
mism for Zailed PCD, but I think we should embrace this term. In par- 
ticular, we have found that patients who have biliary obstruction, who 
are malncurished, or who are unfit for a major operative procedure may 
benefit frem PCD as a temporizing measure. 

Dr. Nealon asked a very important question about infection versus 
colonization. And if you review this subject in the radiologic literature, 
they will make the point that infection is really not a problem; they have 
a lot of <lonization, however. We have been unable to distinguish the 
differencz in these two characteristics, in that all patients who grew or- 
ganisms =ventually developed fever or leukocytosis. This is a very im- 
portant spect of this treatment and will require further study. We have 
found in én initial group of 28 patients that we reported that the infection 
rate we id2ntified was only 28%, With improved surveillance techniques, 
however. which involves weekly cultures, the infection rate is really fairly 
high. 

The qu2stion of pancreatic ascites is of interest. What we have identified 
in this grup of patients are localized cysts in the region of the head and 
body of ne pancreas, which we have drained percutaneously. And, in 
many surprising instances, we have achieved resolution of the pseudocyst. 
It is interesting that one of our recurrences and perhaps a failure of PCD 
was a patient with pancreatic ascites who presented | year after his initia] 
PCD witt a dilated pancreatic duct, also associated with biliary obstruc- 
tion. Anz at that time, this patient underwent a lateral pancreaticoje- 
junostorry (LPJ) with cyst incorporation and a biliary enteric anasto- 
mosis. The recurrences after PCD can be looked at in a number of fash- 
ions. One, you can look at it as failure of PCD, in that patients require 
a drainase procedure immediately after removal of the catheter. The 
other is 73e group of patients who present subsequently, and there have 
been twe patients who have presented more than 1 year later with re- 
currence: of their pseudocysts. The question of the longevity of patients 
who have internal drainage, and their duration of hospitalization, may 
relate tc historical factors and to the fact that we have kept many of 
these patients in the hospital a lot longer in the past than we do now, 
and we ¿30 worked under that dictum that a 6-week period of maturation 
was neezed before cyst enterostomy. Again, regarding the question of 
the ERC? in the evaluation of the pseudocyst: we have been very com- 
fortable <n assessing duct diameter with the CT scan. And in a patient 
who has. a dilated duct on CT scan with a moderate-sized pseudocyst, 
we embe2rk initially on the LPJ with cyst incorporation and do noz use 
PCD in nose patients. And, finally, with Dr. Harrington’s question related 
to the cat gastrostomy, when those are performed we do not bring out 
a drain ~hrough the gastrotomy. A closed suction drain is laid in the 
region cf the pancreatic bed and brought out through a separate incision. 
The prcklem with intracystic hemorrhage also was mentioned. Over the 
past 27 ~ears, there have been 14 patients who have presented with in- 
tracystic: hemorrhage. There has been one death in that group. We believe 
that the .mprovement in the mortality rate in this group of patients has 
been re ated to the use of selective mesenteric angiography in both the 
diagnoss and the management of these patients. Thank you very much. 
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The development of the University of Wisconsin (UW) cold 
storage solution has extended safe preservation of the liver and 
pancreas from 6 to 24 hours or more. From May 1987 until 
November 1991, 288 livers and 163 simultaneous pancreas/kid- 
ney transplants were performed using UW solution. The mean 
preservation times were: liver, 12.7 + 4.4 hours, pancreas 17.2 
+ 4.4 hours, and kidney, 19.2 + 4.3 hours. Included in this series 
were 35 reduced-sized liver transplants, 7 cluster transplants, 
and 132 combined liver/pancreas retrievals. No differences in 
allograft function or graft-related complications were seen in 
organs preserved for less than or longer than 12 hours or in 
grafts from combined liver/pancreas retrievals. All pancreas/ 
kidney transplants and most liver transplants were performed 
semi-electively. Actuarial 1-month patient and graft survival after 
liver transplantation was 91.4% and 80.2%, and at 4 years was 
74.0% and 62.0%, respectively. After pancreas/kidney trans- 
plantation, the actuarial patient survival at 1 month and 4 years 
was 99.4% and 90.5%, respectively, whereas pancreatic and renal 
allograft survival at 1 month was 97.5% and 96.8%, and at 4 
years was 83.0% and 83.4%, respectively. The ability to extend 
preservation times with UW solution has many advantages; 
however, the most important contribution of UW solution to 
clinical transplantation has been the increased utilization of 
scarce donor organs for more recipients because the previously 
imposed constraints on preservation time have been removed. 


WO METHODS OF kidney preservation were in- 
troduced in the late 1960s, one using continuous 


hypothermic pulsatile perfusion! and the other 
using simple cold storage.* Both methods have been used 
clinically for more than 20 years. These methods have 
allowed an increase in the number of kidneys available 
for transplantation and have made it possible to perform 
the transplant as a semi-elective procedure. 
The introduction of cyclosporine into clinical trans- 
plantation in the early 1980s dramatically improved 
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transplantation results for extrarenal organs such as the 
liver, pancreas, and heart, and more recently, for the lung. 
Methods that were successful for kidney preservation, 
however, were not of equal success for preservation of 
extrarenal organs. The limit of organ preservation was 
only 4 to 10 hours, which made organ sharing difficult 
and required extrarenal transplants to be performed on 
an emergency basis. 

We presented our experimental results in 1986 at the 
American Society of Transplant Surgeons, using a canine 
model of pancreas preservation,’ and demonstrated suc- 
cessful 72-hour preservation using the University of Wis- 
consin (UW) solution. A year later, at the International 
Transplant Conference in Pittsburgh, we showed that the 
liver could be safely preserved for 48 hours‘ and the kidney 
for 72 hours’ with the same solution. Additionally, we 


. presented our preliminary results using this solution for 


clinical liver preservation. 

This report details our experience with the UW solution 
for organ preservation from its clinical introduction in 
1987 until November 1991. During this period, we per- 
formed 288 liver transplants and 163 pancreas/kidney 
transplants, using the UW cold storage solution for pres- 
ervation. Four hundred sixty-four cadaveric kidney 
transplants also were performed during the same period 
using continuous hypothermic pulsatile perfusion® but 
those data will not be presented in this article. 


Materials and Methods 


Liver Transplantation 


A total of 288 liver transplants were performed between 
June 1987 and November 1991. Three hundred thirty- 
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TABLE 1. Indications for Primary Liver Transplantation 
in Adult Recipients Using UW Solution 


Indication No. of Patients 
Alcoholic cirrhosis 72 
Chronic active hepatitis 23 
Primary biliary cirrhosis 19 
Malignancy 18 
Sclerosing cholangitis 17 
Cryptogenic cirrhosis 10 
Hepatitis B 9 
Inborn errors of metabolism 7 
Fulminant hepatic failure 4 
Other 5 
Total 184 


five livers were procured by our team. One hundred thirty 
were retrieved from our procurement area and 138 were 
from outside our procurement area. Sixty-seven livers 
were sent to other centers, whereas 20 livers were procured 
by other teams and sent to our center. 

The method of organ retrieval has been described pre- 
viously.” Briefly, after dissection of the liver or liver and 
pancreas, the aorta was cannulated and UW solution was 
used for intra-aortic perfusion as well as for ex vivo per- 
fusion after the organs were removed. Likewise, the gall- 
bladder and the common bile duct were flushed with UW 
solution, which is important for preservation of bile duct 
epithelium. The recipient operation usually began at 
8:00 A.M., unless the condition of the recipient was critical, 
in which case the operation was initiated immediately on 
return of the retrieval team. All adult patients were trans- 
planted with the use of veno-veno bypass; however, this 
was not used in pediatric recipients. Indications for liver 
transplantation in adults are shown in Table | and for 
children in Table 2. The UNOS urgency classification for 
the adult and pediatric recipients is shown in Table 3. 
Thirty-five pediatric recipients received a reduced-sized 
liver: nine right lobes, nineteen left lobes, and seven left 
lateral segments. A quadruple immunosuppressive pro- 
_ tocol was used that included antilymphocyte globulin, 
OKT3 (Orthoclone; Ortho, Rariton, NJ), azathioprine, 
prednisone, and cyclosporine, unless the patients were 
entered in the prospective randomized FK506-cyclospo- 
rine trial. The distribution of preservation times for the 


TABLE 2. Indications for Primary Liver Transplantation 
in Pediatric Recipients Using UW Solution 


Indication No. of Patients 
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Biliary atresia 
Cryptogenic cirrhosis 
Fulminant hepatic failure 
Chronic active hepatitis 
Neonatal hepatitis 

Cystic fibrosis 

Other 

Total 
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TABLE 3. UNOS Status of University of Wisconsin 
Liver Transplant Recipients 1987-1991 


Status I Status ll Status IH Status ÍV 


10.2% 19.3% 26.7% 43% 


livers in zhis series is shown in Figure 1. The mean pres- 
ervation time was 12.7 + 4.4 hours. 


Combined Pancreas/Kidney Transplantation 


There have been 163 combined pancreas/kidney trans- 
plants performed during the past 4 years. The surgical 
techniquzs have been previously described,’ and all but 
10 pancr2as transplants (enteric drained) were performed 
using the bladder drainage technique. Recipients were all 
juvenile diabetics with end-stage renal failure. The distri- 
bution of preservation times for the pancreas are shown 
in Figure 2. The mean pancreas preservation time was 
17.2 + 4.4 hours and that of the kidney was 19.2 + 4.3 
hours. Almost all recipients returned to the transplant 
unit after surgery, and only 3% required a short stay in 
the intensive care unit, primarily because of cardiac in- 
stability. Immunosuppression also consisted of quadruple 
protocol as described above. . 


Cluster Transplantation 


Seven. patients received a cluster transplant consisting 
of the liver, pancreas, and a portion of the duodeum as 
described by the Pittsburgh group.'® The average preser- 
vation tome for the cluster organs was 11.3 hours (range, 
6.5~-18). 


Organization of the Operating Room Schedule 


An example of the usual method of scheduling the op- 
erating room for multi-organ donor transplants is shown 
in Table 4. Once a multi-organ donor has been identified, 
the operating room staff is immediately notified and an 
operatir.g room is made available at 8:00 A.M. for the liver 
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Fic. 1. Cistribution of 288 liver transplants preserved with UW cold 
storage sclution. 
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FIG. 2. Distribution of 163 pancreas transplants preserved with UW cold 
storage solution. 


transplant. The pancreas/kidney transplant follows in the 
next available operating room, and the second kidney 
from the multi-organ donor is usually transplanted the 
following morning at 8:00 A.M. 

Results 
Liver Transplantation 


Figure 3 shows the 4-year actuarial patient and graft 


survival. One-month patient and graft survival was 91.4% ` 


and 80.2%, respectively. Patient survival at 1 and 4 years 
was 86% and 74%, respectively, whereas graft survival was 
71% and 62%, respectively. The incidence of primary 
nonfunction (PNF) was 6.6%; hepatic artery thrombosis, 
6.3%; bile duct stricture, 2.4%; and retransplantation was 
required in 16.0% of the recipients. There were no differ- 
ences in the rates of PNF, hepatic artery thrombosis, or 
bile duct stenosis in livers preserved for less than or more 
than 12 hours. Grafts preserved for less than 6 hours, 
however, showed less hepatocellular injury, as indicated 
by lower serum enzymes, including aminotransferases and 
lactate dehydrogenase, than in livers preserved for 12 
hours or more (p < 0.05). Before transplantation, livers 
procured between 1987 and 1990 were analyzed histo- 
logically by biopsy, but the transplant was performed, ir- 
respective of the biopsy results. Beginning in January 
1990, all liver biopsies that demonstrated severe macro- 
vesicular or microvesicular steatosis were discarded be- 
cause of the unacceptably high incidence of PNF in these 
livers.!! Elimination of these unsuitable livers has reduced 


TABLE 4. Usual Operating Room Schedule for Muitiorgan 
Transplantation: University of Wisconsin Hospital 


Tuesday Organ retrieval Afternoon or evening Operating 
room notified by 7 PM 
Wednesday Liver transplant 8:00 A.M. 
Pancreas + kidney First available room, usually 
2:00-4:00 P.M. 
Thursday Kidney transplant 8:00 A.M. 


If liver or LRD transplant, first 
available room 
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Fic. 3. Actuarial patient and graft survival in 288 liver transplants using 
UW cold storage solution. 


the rate of PNF from 9.2% to 4.0% (not significant). The 
length of stay in the intensive care unit after liver trans- 
plantation did not correlate with the length of preserva- 
tion, but appeared to correlate with the condition of the 
patient before transplantation. Recipients that were in the 
poorest condition at the time of receiving a liver transplant 
had a longer stay in the intensive care unit. 


Combined Pancreas/Kidney Transplantation 


After combined pancreas/kidney transplantation, there 
was one initial nonfunction (0.6%) and two episodes of 
vascular thrombosis (1.2%). There were no episodes of 
PNF of the kidney, and only three patients required post- 
operative hemodialysis (1.8%) (Table 5). There was no 
difference in pancreas or renal allograft function or rate 
of graft-related complications in organs preserved for less 
than or longer than 12 hours. Figure 4 shows the 4 year 
actuarial patient and graft survival in simultaneous pan- 
creas/kidney transplants. The actuarial patient survival 
at 4 years 1 month was 99.4% and 90.5%, respectively, 
whereas pancreatic and renal allograft survival at | month 
was 97.5% and 96.8%, and at 4 years was 83.0% and 83.4%, 
respectively. Because the UW solution is efficacious for 
all intra-abdominal organs, the results presented in this 
study include organs from muti-organ donors and in- 
cluded 132 combined pancreas, liver, and renal procure- 
ments. There were no differences in graft survival or de- 
velopment of graft-related complications when results with 
combined (multi-organ) procurements were compared 
with isolated (individual) organ procurements. 


TABLE 5. Results of Early Pancreatic and Renal Function 
With UW Solution (n = 163) 


Outcome No. 
Immediate insulin independence 162 (99%) 
Primary nonfunction 1 (0.6%) 
Vascular thrombosis 2 (1.2%) 
Graft pancreatitis 1 (0.6%) 


Hemodialysis 3 (1.8%) 
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Fic. 4. Actuarial patient and graft survival in 163 simultaneous pancreas- 
kidney transplants using UW cold storage solution. 


Cluster Transplantation 


Our experience in cluster operations is summarized in 
Table 6, which shows the indications for surgery, patient 
survival, and cause of death. All recipients of a cluster 
transplant had immediate function of the grafts. 


Discussion 


During the past 4 years, we have used the UW solution 
for cold storage preservation of the liver, kidney, and pan- 
creas. This method of preservation has allowed extended 
periods of preservation without compromising allograft 
function or increasing the rate of graft complications when 
compared with shorter periods of preservation. The avail- 
ability of this solution for organ preservation has facilitated 
reduced-sized liver transplantation, organ cluster trans- 
plantation, and combined procurements of multi-organs 
with a greater margin of safety than previously achieved 
with other solutions. 

Recently, it has been reported!*" that the incidence of 
PNF and the need for retransplantation in liver trans- 
plantation increases with increasing preservation time. 
Figure 5 depicts the incidence of PNF in our series ac- 
cording to the length of preservation. Although a slight 
trend of increasing PNF with increasing preservation time 
was seen, this difference was not statistically significant. 
We have noted, however, that the longer a liver is pre- 


TABLE 6. Diagnosis and Outcome of Patients 
Undergoing a Cluster Transplant 


Patient Age Diagnosis Outcome 
l 43 yr Cholangiocarcinoma with Died 21 mo 
positive regional nodes Recurrent disease 
2 36 yr Cholangiocarcinoma with Died 11 mo 
positive regional nodes Recurrent disease 
3 62 yr Metastatic carcinoid Died 19 mo 
Recurrent disease 
4 42 yr Metastatic gastrinoma Alive 19 mo 
5 57 yr Metastatic islet cell tumor Alive 11 mo 
6 43 yr Alcoholic cirrhosis, diabetes, Died 2 mo 
multiple previous Graft vs. host 
surgeries disease 
7 6mo Biliary atresia, diabetes Alive 2 mo 
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served, ine greater the likelihood for higher levels of liver 
enzymes, although we have not seen a higher incidence 
of PNF. Elevated liver enzymes also appear to occur more 
frequenHy when the liver is procured from an older organ 
donor (older than 50 years) than in the younger organ 
donors. Primary nonfunction does correlate significantly 
with sev2re steatosis and for this reason, we currently per- 
form biopsies on all donor livers before implantation and 
discard ivers with severe steatosis or other significant pa- 
thology. Similarly, an evaluation of the donor pancreas 
before transplantation may disclose pancreatic abnor- 
malities (fibrosis or chronic pancreatitis) that are con- 
traindications for pancreas transplantation. 

The =vailability of a method to extend the preservation 
of all irzra-abdominal organs has not only contributed to 
increased usage of organs, improved logistics of organ 
sharing and an opportunity for reduced-sized liver and 
cluster =ransplantation, but also can make the transplant 
a semi-lective procedure. Semi-elective liver and pancreas 
transpkantation has had a tremendous impact on anes- 
thesia, operating room scheduling, and surgical personnel. 
We do not have anesthesiologists in our institution that 
are asszned to our transplant program; instead all anes- 
thesia aff are assigned on a rotational basis. Performing 
the trensplants during the daytime hours provides our 
transp.ant team with a complete complement of anesthe- 
siologists that might not be available if the operations were 
performed late at night. Furthermore, the advantage of a 
daytime, regularly scheduled procedure, impacts signifi- 
cantly >n the blood bank, which is fully staffed during the 
transplant. The surgical team also benefits from the ca- 
pabilit of performing a transplant as a semi-elective pro- 
cedure. The staff, fellows, and residents are, in general, 
well rested, which is more conducive to a long transplant 
operation. Additionally, the procurement team can rest 
betwe=n the time of the donor and recipient operations. 
Scheduling the transplant as a semi-elective procedure al- 
lows cderating rooms to be used at night for trauma and 
other truly emergency procedures. 

The most important contribution of the UW solution 
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FiG. 5 Incidence of primary nonfunction in 288 liver transplants ac- 
cording to length of preservation. 


UW SOLUTION IN CLINICAL TRANSPLANTATION 583 


TABLE 7. University of Wisconsin OPO Donor Statistics 1986-1990 


Vol. 215 » No. 6 
No. of 
Year Donors Multiorgan % Multiorgan 
1986 70 42 E0% 
1987 75 32 43% 
1988 76 50 E6% 
1989 72 56 78% 
1990 66 51 77% 
1991* 68 47 69% 


* As of November 12, 1991. 


to clinical transplantation has been the capability to in- 
crease the use of scarce donor organs, thus increasing the 
number of patients that can receive a transplant. This is 
a consequence of the increased preservation time available 
when this solution is used. Also, recipients can remain at 
home while awaiting a transplant and have time to arrive 
at the hospital once an organ is obtained. Recently, several 
of our liver and pancreas recipients have traveled up to 
2000 miles after they have been notified of a potential 
donor. Previously, patients were required to live in Wis- 
consin while awaiting a suitable donor organ. A further 
advantage is that all donors (except possibly older donors) 
can be considered for multi-organ donation because there 
is sufficient time before transplantation to examine the 
organs for suitability for transplantation. 

The results in Table 7 show how the use of the UW 
solution has affected organ procurement in our Organ 
Procurement Organization. There has been an increase 
in the number of organs (especially the liver) procured 
since the introduction of the UW solution at our center. 
Although there are many problems left to be solved in 
organ transplantation, the shortage of donor organs con- 
tinues to be one of the most pressing problems. 

From a clinical standpoint, the UW solution has made 
a significant contribution to organ transplantation at our 
center as well as at other centers. Undoubtedly there will 
be improved methods of organ preservation in the future. 
Although the liver, kidney, and pancreas can be safely 
preserved for times that currently meet most clinical needs 
(24 to 40 hours), effective preservation of the heart and 
lung for similar times has not been consistently obtained. 
The UW solution may be safe for extended heart pres- 
ervation (12 to 15 hours) as indicated in some preliminary 
studies'*'>; however, a clear demonstration of what is 
needed to extend heart and lung preservation to 24 or 
more hours has not been presented. 

Potential advantages exist if methods can be developed 
that extend clinical organ preservation beyond its current 
limitations. Truly long-term preservation could result in 
an increase in donor tissue matching, provide an oppor- 
tunity to prepare a recipient for a particular organ, allow 
the establishment of organ banks, reduce the incidence 
of PNF or delayed graft function, and provide an oppor- 
tunity for immunoalteration of the organ and reduce the 


Kidney Liver Pancreas Heart-Lung 
138 10 25 7/0 
142 17 11 16/0 
141 45 23 16/1 
138 51 45 32/2 
120 54 38 22/0 
118 46 37 23/1 


incidence of rejection. The accomplishment of these goals 
will depend on fundamental research that defines the 
mechanisms of injury to cold-stored organs and provides 
a list of potentially beneficial therapeutic regimens nec- 
essary to suppress the injury. 
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DISCUSSION 


Dr. RONALD W. BUSUTTIL (Los Angeles, California): Dr. Britt, Dr. 
Jones, Ladies and Gentlemen, Dr. Belzer and his colleagues are to be 
congratulated on this most important advance in organ preservation. 
University of Wisconsin (UW) solution has had a dramatic impact on 
all solid-organ transplantation, but none is more evident than on the 
liver. The modern era of liver replacement began in 1983, when the 
National Institutes of Health consensus conference showed that liver 
transplantation should be considered a therapeutic procedure for patients 
with end-stage liver disease. Since that time, there have been three seminal 
advances that have elevated liver transplantation to not only a safe and 
effective procedure but one that ts available on a wide geographic scale. 
These include (1) refinements of the operative technique, particularly 
the use of venovenous bypass, which has allowed many of these operations 
to be performed within 5 or 6 hours with no blood product replacement; 
(2) the use of cyclosporine, and (3) the availability of UW solution for 
Organ preservation. I remember very clearly in 1987 when Dr. Belzer 
presented his preliminary report on clinical liver preservation at the 
meeting in Pittsburgh. The concept of reliably extending hepatic pres- 
ervation beyond 12 hours and thus converting liver transplantation to 
a semielective procedure really seemed too good to be true. Those of us 
who only knew liver transplantation as an emergency operation that 
required perfect timing between donor procurement and recipient hep- 
atectomy so as not to extend the ischemia beyond 6 to 8 hours were 
really overwhelmed by the prospects of this new solution. These prospects 


have now been realized, and UW solution has virtually replaced all other ` 


preservation modalities in the United States and much of Europe for 
extrarenal preservation. The results reported today by the Wisconsin 
group are truly outstanding. Despite a mean preservation time of 12.7 
hours, the primary nonfunction rate is 6.6%. The l-year patient and 
graft survival rates are 86% and 71%, respectively. Hepatic artery throm- 
bosis is 6.3%, and bile duct stricture rate is 2.4%. 

But are these results specific to the center that introduced this method 
of preservation? In May of 1988 we performed at UCLA a prospective 
trial of UW solution versus the standard method of preservation, Eu- 
racollins solution. There were 114 patients that we studied that were 
matched for donor and recipient characteristics. The UW group had a 
mean preservation time of 11.5 hours. The group that received Eurocollins 
solution had a mean preservation time of 4.9 hours. Complications were 
virtually identical despite the more than doubling the preservation time 
with the UW solution. There was one incidence of primary nonfunction. 
There was a similar incidence of hepatic artery thrombosis, but inter- 
estingly enough, none of the patients with UW solution that had this 
complication required retransplantation. And the survival rates, again, 
despite the prolonged preservation in UW solution, were the same as 
with Eurocollins solution, 87% and 84%, respectively. 

Despite the advantages that UW has provided in both graft preservation 
and in the logistics of liver transplantation, I have some concerns about 
extending the ischemia time much beyond 12 hours. Although the authors 
did not show a statistical significance in the incidence of primary non- 
function with ischemia above or below 12 hours, the trend is clearly 
there. Of 19 primary nonfunctions, 13 or 68% percent occurred with the 
preservation time of more than 12 hours. Furthermore, the donor older 
than 55 years of age, in our experience, will not tolerate long ischemia 
times, and we prefer to transplant them within 6 hours. Finally, the issue 
of biliary strictures is important. We have observed seven intrahepatic 
duct strictures, none associated with hepatic ar-ery thrombosis, in 792 
liver transplants. Although this is a low incidence, cold ischemia time 
in all of these seven cases exceeded 12 hours. 

I would like to conclude by asking Dr. Belzer three questions: (1) 
What donor or recipient characteristics, if any, would influence you to 
avoid ischemia beyond 12 hours? (2) Do you believe that a back-table 
flush is necessary over and above an in situ flush, and is it necessary to 
irrigate the biliary tree with UW solution? (3) Do you believe that the 
current UW is well suited for small intestinal preservation or should it 
be modified? And what would be your limits of ischemia for the bowel? 
Again, I would like to congratulate you on a landmark contribution to 
transplantation. Thank you. 


Dr. GIL DIETHELM (Birmingham, Alabama): Dr. Britt, Dr. Jones, 
Members and Guests, I am pleased to have the opportunity to discuss 
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Dr. Belzer’s paper regarding the use of University of Wisconsin (UW) 
solution for the liver, kidney, and pancreas transplantation. This is a 
particularly important paper, and the results come from the transplant 
center, as you know, that has developed this solution. To me, it is the 
first majcr advance in transplant preservation since 1969. And as you 
have heard from Dr. Busuttil, it immediately had a major impact on the 
entire field. It allowed us at the University of Alabama, using Dr. Belzer’s 
solution and his technique of pulsatile perfusion, to preserve kidneys 
safely up to 50 and 55 hours. We use pulsatile perfusion and I believe 
this has Fad a major impact on improvement of our graft survival and 
decreasing the risk of acute tubular necrosis (ATN). When we used cold 
storage with the solution, our average time was 24 hours of ischemia, 
and we had a 24% incidence of ATN. When we went to pulsatile perfusion 
with the UW solution, we extended the preservation time to 32 hours, 
and we decreased the ATN rate to 8%. Thus we did two things. We 
decreased the ATN rate and we advanced the preservation time. I have 
long been impressed with the observation that preservation from kidneys 
in young people can be carried out for quite a time. Perhaps it is the 
young organ or young cell. As the donor age increases, the ability to 
carry ouz prolonged preservation seems to diminish. For example, in 
our institution, if the patient is older than 50 or 55 years of age, we 
would not attempt to carry out preservation for 45 hours if we could 
avoid it, and we certainly could. We have used patients aged 65 and 70 
years, but again, we try to decrease the preservation interval to 12 or 15 
hours. So I wonder if the age of the donor does play a role in the pro- 
longation or the limitations of prolonging transplant ischemic interval, 
and I wculd appreciate Dr. Belzer’s comment. Dr. Belzer made a small 
commert that might have gone unnoted. But for those of us that are 
involved in multiorgan transplantation, the ability to start a case at 
8:00 in tne morning, a liver case, and combine it with a kidney—pancreas 
a few hoars later using daytime personnel, and daytime operating rooms, 


_ is an enormous step forward. 


I think also Dr. Belzer mentioned—and, I believe, very importantly — 
the valus of a liver biopsy. The same is true with a kidney biopsy. And 
if there is a question of a marginal kidney or liver donor, that can be 
resolved with a biopsy in many instances and allows one to abort the 
transplant if you wish or to go ahead. Dr. Belzer also mentioned the 
hostile environment of the recipient patient and the role it might play 
in nonfunction, I believe that is a very important comment, and I think 
that in many instances so-called nonfunction of the recipient organ has 
nothing to do with the preservation interval but, rather, the immunologic 
environment into which that organ is placed. 

For example, two kidneys from the same donor placed in the two 
recipients with approximately the same preservation time does not guar- 
antee the same immediate function. Therefore, the recipient patient 
himself or herself does play a role with, as he described, the hostile en- 
vironment. 

I would like to ask Dr. Belzer a second question pertaining to the 
composition of the UW solution. Fred, what components do you consider 
to be the most important in your solution? I recognize that is a difficult 
question. And then what alterations might be possible to extend the 
current preservation time? In light of that, do you have an impression 
as to the ultimate interval of organ preservation using the hypothermic 
conditions? In other words, is there an obstacle that 4 to 10 degrees of 
hypothermia might present that would be the obstacle in preservation? 
Can you po 4 days, 5 days, 10 days, longer? 

I would like to thank Dr. Belzer for allowing me to review the manu- 
script in advance. But also would like to thank him especially, as a trans- 
plant surgeon, for the important contributions he has made to the field 
of organ preservation and transplantation. Thank you. 


Dr. F. O. BELZER (Closing discussion); First, I would like to thank 
the diseussants for their kind comments. Dr. Busuttil had several ques- 
tions. Number one, about a back-table flush, especially of the bile duct. 
We hare just submitted an editorial to Transplantation as we have never 
publisted the management of the common duct in great detail. Most 
people flush the gallbladder at the time of donor procurement. I have 
been amazed as a general surgeon now that we do donor hepatectomies 
to real.ze how low the cystic duct in many cases enters the common 
duct, athough we divide it right at the edge of the pancreas. Fifty percent 
of the ume you are looking at two lumens. We have always flushed out 
the bil2 duct with University of Wisconsin solution on the back table. 
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If you just wash out the gallbladder, you leave the bile. in the entire 
hepatic ductal system, and bile is a very caustic material. I'think this has 
been one of the problems’of bile duct strictures that the bile duct itself 
was never adequately preserved. We have had imported livers'to be quite 
honest, and I have a picture of this where the liver when removed from 
the bag was covered with bile. Thus, it is understandable why bile duct 
strictures can occur. 

As far as donors older than the age of 50, to me as I am getting older, 
over 50 is still pediatric, and I think some of the people in this audience 
may feel the same. But as far as liver transplantation, there is no question 


that the older donor will give you higher enzymes, and I personally think © 


would also give us higher primary nonfunction. Thus, I agree with Dr. 
Busuttil that in an older liver, 50 to 56, we should try to keep the pres- 
ervation down to a minimum. 

Regarding the small bowel, we are just doing a study in the laboratory 
to look at the limits of preservation. I think that the bowel is pretty 
resistant to cold ischemia, but only further studies will show the limits 
of preservation. Dr. Diethelm asked the same question of the donor age. 
We see the same thing in kidneys. Kidneys from older donors don’t work 
as well as from young donors, and I think this is true for the liver and 
also for the pancreas. In the older pancreas, although it works and the 
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patient is normoglycemic, the serum amylase and the urine amylase will 
be quite different than in the younger donor. Dr. Diethelm also empha- 
sized the importance of recipient factors, the so-called hostile environ- 
ment. In kidney transplantation we have accepted 6% primary non- 
function for 20 years. We called it rejection or we said there were technical 
problems. In livers, we suddenly want to get 100% immediate function. 
Dr. Diethelm actually published a paper in the Annals of Surgery showing 
that if the same donor provided two kidneys and if one kidney did well 
and the other kidney did poorly, that the final outcome of the second 
kidney was usually poor because there was another reason why the kidney 
did not work, rejection or something in the recipient. The problem in 
the laboratory is that we are studying normal dogs. We are trying to 
develop a chronic liver failure model so that we can do the transplant 
in the dogs the same way that we do transplants in patients with end- 
stage liver disease. 

What alterations would we make in the University of Wisconsin so- 
lution? There are obviously ways to improve it. The problem is that it 
would be very difficult to introduce minor changes because you would 
have to go through an FDA-approved trial again. So I think that any 
changes must show major improvement rather than minor changes. 
Again, I appreciate the time to answer these questions. 
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Pancreas transplantation has evolved dramatically since its in- 
troduction in 1966. As new centers for transplantation have de- 
veloped, the evaluation of complications associated with pancreas 
transplantation has led to advances in surgical technique. Fur- 
thermore, surgical alterations of the pancreas resulting from 
transplantation (systemic release of insulin and denervation) are 
of unproven consequence on glucose metabolism. Since 1988, 
the authors have performed 21 transplants (16 combined pan- 
creas/kidney, 3 pancreas alone, which includes 1 retransplan- 
tation, 1 pancreas after previous kidney transplant, and 1 “clus- 
ter”) in 20 patients aged 18 to 49 years; mean, 35 + 1 years. 
Overall patient survival is 95%. Three pancreatic grafts failed 
within the first year because of technical failure; one additional 
pancreas was lost to an immunologic event on postoperative day 
449, for an overall pancreatic graft survival of 81%. No renal 
grafts were lost. To evaluate causes of graft failure, demographic 
data were compared, which included age and sex of the donor 
and the recipient, operative time, intraoperative blood transfu- 
sion, and ischemic time of the graft. No statistically significant 
differences were found between groups except for ischemic time 
(11.7 + 6.4 hours for the technical success group versus 19.8 
+ 3.7 hours for the technical failure group; p < 0.05 by unpaired 
Student’s t test). Quadruple immunosuppression was used, which 
included prednisone, cyclosporine, azathioprine, and antilym- 
phoblast globulin. A mean of 1.2 (range, 0 to 3) rejection episodes 
per patient occurred. Mean hospital stay was 24 + 11 days. 
Surgical and infectious complications were evaluated by com- 
paring the technical success (TS) group (n = 17) with the tech- 
nical failure (TF) group. Surgical complications in the TS group 
revealed a mean of 1.3 episodes per patient, whereas the TF 
group had 3.7 episodes per patient. The TS also had a reduced 
incidence of infectious complications compared with the TF (1.7 
versus 4.3 episodes per patient). Cytomegalovirus was common 
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in both groups, accounting for 11 infectious episodes, and oc- 
curred on a mean postoperative day of 38. Mean postoperative 
HbAIC levels dropped to 5 + 1% from 11 + 3%. The authors 
developed a new technique that incorporates portal drainage of 
the pancreatic venous effluent in three recipients. Preoperative 
metabolic studies disclosed a mean fasting glucose of 211 + 27 
mg/dL and a mean stimulated glucose value of 434 + 41 mg/ 
dL for zll patients; the mean fasting insulin was 23 + 4 U/mL. 
After operation, the systemic drainage groups had mean fasting 
and stimulated glucose values of 87 + 7 mg/dL and 151 + 11 


. mg/dL; mean fasting and stimulated insulin values were 56 + 10 


#U/mL and 190 + 26 U/mL, respectively. The portal drainage 
group had mean fasting and stimulated glucose values of 91 
+ § mg/dL and 135 + 28 mg/dL; mean fasting and stimulated 
insulin values were 34 + 1 U/mL and 88 + 27 U/mL, re- 
spectively. In summary, pancreas-renal transplantation can be 
safely employed with an acceptable complication rate for the 
treatment of type I diabetes and may provide a euglycemic state. 
Systemic drainage of the pancreatic graft, however, is associated 
with hyperinsulinemia, which has unknown consequences. An 
alternative technique with portal drainage appears to reduce pe- 
ripheral levels of insulin and has unproven long-term conse- 
quences on the potential] detrimental effects of hyperinsulinemina. 


ANCREAS TRANSPLANTATION HAS become an in- 

creasingly common therapeutic option for the 

treatment of type I diabetes mellitus. According 
to the International Pancreas Transplant Registry, 1415 
pancreas transplants have been performed worldwide 
from 1988 to 1990 and over 3000 since 1966.' Advances 
in mecical technology have resulted in new treatment ad- 
vances for diabetes, including more efficient means of 
monitoring blood glucose, as well as continuous insulin 
infusion pumps. Consistent normoglycemia has been ac- 
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complished in the minority of patients, however, who also 
run the risk of intermittent episodes of hypoglycemia. 
Thus, continuous normalization of blood glucose values 
with successful transplantation of the whole pancreas has 
become a more accepted therapeutic option. This has led 
to the development of new transplant centers worldwide 
and a markedly increased number of transplants per- 
formed annually. With advances in surgical techniques, 
increasing experience with simultaneous pancreas~kidney 
transplants, and more sophisticated methods of immu- 
nosuppression, 1-year graft survival now approaches 80%.! 

The traditional method of heterotopic placement of 
the pancreas allograft necessitates surgical alterations in 
the revascularized graft, which include (1) systemic drain- 
age of the venous effluent, (2) denervation of the graft, 
and (3) potential reduction in beta-cell mass with organ 
preservation. The benefits and the consequences of this 
surgical manipulation have not been fully evaluated. Fur- 
thermore, with increased success of pancreas transplan- 
tation, attention also has become focused on the effects 
of the transplant on carbohydrate metabolism and glu- 
coregulation. 

The first pancreas transplant was performed at the 
University of Virginia in 1988. As of September 1991, 21 
pancreas transplants have been performed at our insti- 
tution. We evaluated our clinical experience and specif- 
ically examined the associated surgical and infectious 
complications that accompany transplantation and con- 
sequent immunosuppression. Additionally, we analvzed 
the effect of pancreatic transplantation on carbohydrate 
metabolism and compared early findings of differences 
between systemic and portal drained pancreatic allografts. 
An alternative technique is introduced, which drains pan- 
creatic venous effluent into the portal system and appears 
to decrease the peripheral hyperinsulinemia associated 
with systemic drainage. The latter technique also appears 
to eliminate complications associated with draining pan- 
creatic exocrine secretions into the bladder. 


Materials and Methods 


The case histories of 20 patients who received pancreas— 
kidney transplants were retrospectively reviewed for data 
on patient and graft survival, demographic information, 
and postoperative surgical and infectious complications. 
Graft survival is defined by freedom from exogenous in- 
sulin. Surgical complications were included that required 
readmission or additional operative or invasive proce- 
dures. Infectious complications included those infections 
that required administration of antibiotic therapy, read- 
mission, or positive cultures. Selected patients underwent 
provocative tests for glucoregulatory parameters as de- 
scribed below. 
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Patient Population 


Twenty patients received 21 pancreas transplants, with 
one patient requiring retransplantation. There were 10 
men and 10 women. Nineteen of the patients had type I 
diabetes mellitus. One patient was an 18-year-old woman 
with hepatocellular carcinoma with local extension that 
included the pancreas. She received a combined liver and 
pancreas “cluster” transplant. Because she was not trans- 
planted for diabetes and most of her complications were 
related to her liver transplant, she is only included in the 
data for patient and graft survival. She presently has a 
functioning pancreatic graft and is euglycemic; however, 
she has evidence of recurrence of her original disease pro- 
cess with metastases. 

The mean age of all recipients was 34.1 + 7.3 (range, 
18-40) years. All patients were required to undergo cardiac 
evaluation before transplant. In addition to the afore- 
mentioned cluster transplant, 16 patients received si- 
multaneous pancreas—kidney grafts (SPK), two patients 
received a pancreas transplant alone, and one patient re- 
ceived a pancreas transplant 4 years after a successful liv- 
ing-related donor kidney transplant. One patient in the 
pancreas—kidney group required retransplantation with a 
second pancreatic graft. 


Organ Donors 


The age of the organ donors ranged from 14 to 39 years 
(mean, 23.9 + 6.7 years; 19 men and 2 women). All donors 
were multiorgan donors, with concomitant hepatectomy 
also performed in most cases. The technique used for 
combined liver~pancreas procurement was a modification 
of the procedure that has been described previously by 
Marsh et al.’ 


Organ Preservation 


One hour before the time the donor arrived in the op- 
erating room, 1 g erythromycin base, 1 g neomycin base, 
and 2 million units of nystatin were given through the 
nasogastric tube. Before vessel cannulation, 30,000 units 
of heparin were given systemically. Approximately 2 L 
University of Wisconsin solution was flushed through the 
aortic cannula and | L lactated Ringer’s followed by 1 L 
University of Wisconsin solution was flushed through the 
venous cannula with low pressure. Cold topical solution 
also was applied into the abdomen. After pancreatectomy, 
the pancreas was flushed with an additional 100 mL Uni- 
versity of Wisconsin solution. The graft then was secured 
in a sterile plastic bag and kept on ice until ready for 
reimplantation. The donor kidney was preserved in the 
same manner and also stored in a sterile fashion until 
ready for reimplantation. 
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Surgical Procedures 


For the simultaneous pancreas kidney transplants, two 
different surgical procedures were used. The first tech- 
nique, currently the most common technique used na- 
tionwide, has been described previously.* A lower midline 
incision was the preferred approach. Briefly, the right iliac 
fossa was prepared for the pancreatic graft. Complete mo- 
bilization of the right common iliac artery was performed, 
which usually required ligation of the hypogastric artery. 
The iliac vein was similarly prepared with ligation of small 
branches. Because most grafts were harvested during 
multiorgan harvests with hepatectomy, the pancreatic ar- 
terial supply was reconstructed before reimplantation us- 
ing a Y-graft from the iliac artery with the internal and 
external branches from the donor anastomosed to the su- 
perior mesenteric and splenic arteries of the graft. Revas- 
cularization then was performed with an end-to-side 
anastomosis of the portal vein to the external iliac vein. 
An end-to-side anastomosis was performed with the at- 
tached donor iliac Y-graft to the external iliac artery. 
Bladder drainage was accomplished by duodenonéocys- 
tostomy with a duodenal segment and a two-layer hand- 





FIG. 1. Technique of pancreas—kidney transplent with systemic drainage. 
This technique has been described by Sollinger et al.'* and includes 
placement of the pancreatic graft in the rignt iliac fossa. The donor portal 
vein is anastomosed to the recipient iliac vein, resulting in systemic 
drainage of pancreatic venous effluent. Further details are given in the 
text. 
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sewn anastomosis, as described by Nghiem and Corry? 
(Fig. 1‘. The duodenal contents of the graft were aspirated 
before <mplantation, and the contents were sent for cul- 
ture. AI patients received perioperative antibiotics for 72 
hours. tf the duodenal content cultures were negative, then 
the antibiotics were discontinued. If the cultures were’ 
positive, then the antibiotics were continued for 7 days. 
Lastly. the kidney was placed in the left iliac fossa with 
miniral mobilization of the common iliac vessels. The 
artery and the vein were anastomosed in an end-to-side 
fashioz. A ureteroneocystostomy then was developed an- 
teriorl=. ' 

An alternative technique was performed in three of the 
16 pat.ents who received SPK. This method was a mod- 
ificaticn of several techniques reported by others.*-'* This 
techn:que was adopted for a multitude of reasons, in- 
cludinz profound metabolic acidosis secondary to bicar- 
bonatz loss with bladder drainage of pancreatic secretions 
as we_ as a significant hyperinsulinemia associated with 
systeraic venous drainage. Briefly, a midline incision was 
used and the recipient proximal splenic vein was isolated 
at the base of the transverse mesocolon. The aorta also 
was c.2ared for vascular anastomosis. The donor pancreas 
then was placed in a paratopic position, placed parallel 
to the aorta. The donor portal vein was anastomosed in 
an erl-to-side fashion to the recipient proximal splenic 
vein. The artery was revascularized through an end-to- 
side anastomosis to the aorta, using a donor iliac arterial 
Y-greft described above. A duodenojejunostomy was per- 
formzd to the proximal jejunum (Fig. 2). Lastly, the kid- 
ney transplant is performed in the usual fashion in the 
left ikac fossa. 


Recizient Immunosuppression 


Induction immunosuppression consisted of quadruple 
thereny for those patients receiving simultaneous pan- 
creas—kidney transplants. Antilymphoblast globulin was 
used for 7 to 14 days, starting on postoperative day | at 
a doze of 20 mg/kg/day. Prednisone was administered in 
a bolus of 2 mg/kg/day and rapidly tapered to a dose of 
0.5 mg/kg/day, which results in a dose of approximately 
30 mg/day, maintained for long-term immunosuppres- 
sion. Azathioprine was administered with an initial dose 
of 5 mg/kg/day and then lowered to 2.5 mg/kg/day and 
adjusted accordingly to maintain a white blood cell count 
greater than 4 X 10° cells/L. Cyclosporine was not ad- 
minstered until day 6 in those patients receiving SPK. 
When started, it was given at a dose of 8 mg/kg/day and 
rapidly tapered to 1 to 3 mg/kg/day to maintain a ther- 
apectic cyclosporine drug level of 200 ng/mL by high- 
pressure liquid chromatography methodology. If the pa- 
tien{ received only a pancreas transplant or had received 
a lix:ng related donor kidney in the past, cyclosporine was 
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Portal V. 





Splenic V. 


Recipient 
Proximal Jejunum 


Fic. 2. Technique of pancreas—kidney transplant with portal drainage. 
The pancreatic graft is placed in a paratopic position at the base of the 
transverse mesocolon. The donor portal vein is anastomosed to the re- 
cipient proximal splenic vein, and the artery is anastomosed to the aorta 
via a donor iliac artery Y-graft. Pancreatic exocrine drainage is via a 
duodenojejunostomy. Further details are given in the text. 


initiated immediately. Long-term immunosuppression as 
an outpatient consists of | to 3 mg/kg/day of cyclosporine 
administered orally to maintain adequate drug levels. 
Also, prednisone at approximately 30 mg/day and aza- 
thioprine, usually at a dose of 1 to 2.5 mg/kg/day, was 
given on a regular basis. The azathioprine must be with- 
held if the patient becomes neutropenic. 


Diagnosis and Treatment of Rejection 


Rejection was monitored with urinary amylase, serum 
glucose levels, and serum creatinine levels in patients who 
received SPK with urinary drainage of pancreatic exocrine 
secretions. If the serum creatinine rises, a biopsy can be 
performed to confirm rejection, because this usually oc- 
curs before the urinary amylase decreases. We did not 
perform pancreatic biopsies in our patients to histologi- 
cally confirm the diagnosis of rejection because of the risk 
of pancreatic fistula. Pancreas biopsy has been used rou- 
tinely by other groups using the bladder drainage tech- 
nique.!*:'4 The patients who received a paratopic pancreas 
transplant also received a simultaneous kidney transplant. 
Serum glucose and serum amylase levels were monitored; 
however, the diagnosis of rejection was primarily estab- 
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lished through monitoring of the serum creatinine level 
and subsequent renal biopsy if indicated. 

Rejection episodes were treated by a temporary increase 
in the prednisone dose with a rapid taper or with a 10- to 
14-day course of anti-OKT3 monoclonal antibody at a 
dose of 5 mg/kg/day. Prednisone can be used as a single 
agent if the rejection episode is mild. However, most re- 
jection episodes were believed to be moderate or severe, 
and the patients received both a steroid recycle and in- 
travenous OKT3. 


Metabolic Studies 


Recipients of pancreas transplantation underwent 
metabolic and oral glucose challenge tests before operation 
and 6 to 12 months after operation. Every effort was made 
to perform these studies when the patients were clinically 
healthy, without evidence of rejection. All studies were 
performed in the University of Virginia General Clinical 
Research Center with the approval of the Human Inves- 
tigation Review and under federal guidelines. 

The 24-hour metabolic studies were initiated at 12:00 
midnight, and thereafter, blood samples were drawn every 
hour for the next 24 hours. Samples for glucose, insulin, 
and C-peptide were evaluated at each time point. Glucose 
values were determined with a Beckman Glucose Analyzer 
II (Fullerton, CA). Insulin and C-peptide assays were per- 
formed by the University of Virginia Diabetes Center Core 
Laboratory facilities. During the course of the day, the 
preoperative patients were allowed to take their individual 
insulin doses. Meals (40 to 60% carbohydrate) were given 
at 7:30 A.M., 12:00, and 5:00 P.M. Additional standardized 
snacks were administered at 10:30 A.M. and 8:00 P.M. 

The oral glucose tolerance test was performed after an 
overnight fast. Each patient then ingested 100 g glucose 
orally at 8:00 A.M. Two basal samples of blood were drawn 
before ingestion, followed by sample collection at 15, 30, 
45, 60, 75, 90, 105, 120, 150, 180, 210, and 240 minutes 
through indwelling catheters. Samples for glucose and in- 
sulin also were analyzed, as described above. 


Statistical Calculations 


Integrated responses for the oral glucose tolerance tests 
were calculated using the trapezoidal rule applied to each 
sampling time interval. The integrated responses then were 
divided by the number of minutes in the study from the 
time of the glucose challenge, yielding a mean integrated 
response per unit time. 

Other data were analyzed using version 6.04 of the SAS 
statistical package for personal computers. Pairwise com- 
parisons of means were made using Students unpaired ź 
test. Comparisons of means of three or more groups were 
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made using general linear modeling for analysis of vari- 
ance with Duncan’s multiple tests and least squares means 
for the determinations of significance between groups.!° 
Results were presented as mean + standard error of the 
mean except for demographic data, which were presented 
as mean + standard deviation. 


Results 
Patient and Graft Survival 


For all patients, the mean follow-up time was 526.6 
+ 334.4 days (range, 58 to 1298 days). Three grafts were 
lost within the first year, for a 1-year graft survival rate 
of 86%. We have six patients who are 2 years out from 
their transplant, five of these are SPK and one patient is 
a pancreas transplant alone; all six of these grafts are func- 
tioning well. Kidney survival rate during that time is also 
100%. One immunologic graft loss occurred on postop- 
erative day 449. The pancreatic rejection occurred without 
simultaneous renal rejection in this patient. The other 
three graft losses were all nonimmunologic and were lost 
within the first 2 months of transplantation and could be 
attributed to technical reasons for graft failure. One graft 
was most likely damaged from a preservation injury, 
which resulted in a profound and persistent pancreatitis. 
A second graft was lost from an exocrine duct stricture, 
which ultimately resulted in an unrelenting pancreatitis 
and subsequent graft loss. Venous thrombosis was the 
cause of the third technical failure. The thrombosis rate 
in our series was 4.8%. Overall graft survival is now 81%. 
Of the three patients who underwent paratopic placement 
of their pancreatic graft, all have functioning pancreas 
and renal grafts. The patient who received a liver and a 
pancreas also has both grafts functioning well. Of the 15 
renal grafts available for follow-up, all are functioning 
well, resulting in a 100% renal allograft survival. Mean 
postoperative serum creatinine was 1.4 + 0.4 mg/dL. 

Only one patient died after transplantation, resulting 
in a patient survival rate of 95%. The patient received a 
simultaneous pancreas—kidney transplant with bladder 


TABLE 1. Demographics 


Characteristic All Success Failure 
Age (yr) 34.8% 1.4 34.5+ 5.6 36.3 + 11.2 
Sex (M/F) 10/10 8/9 2/1 
Hospital days 24.4 + 11.4 22.4 + 10.7 36 ++ 92 
Donor age (yr) 23.4+ 6.4 22.94 5.5 25.7 +1417 
Operation time (hr) Tit 2.4 68+ 2.1 91+ 34 
Units blood 18 t 2.7 LS 1.6 3.7 6.4 
Ischemic time (hr) 13.0 + 6.7 11.7 +£ 6.4 19.8 + 3.7* 
Readmissions 2.i+ L6 23% L6 0.5 + 0.7 


* p < 0.05 vs. success. 


Mean + SD. 
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drainage. Both his kidney and pancreas initially were 
functioning well. However, on postoperative day 4, the 
patient had a decreased urinary amylase and was taken 
to the cperating room for exploration to rule out venous 
thromtosis because noninvasive vascular studies could 
not adequately determine vascular flow to the pancreatic 
graft. The pancreatic graft was found to be mildly edem- 
atous, but vascular flow and duodenoneocystostomy were 
patent. In the recovery room, he suffered a cardiopul- 
monary arrest from which he was not able to be resusci- 
tated. Autopsy showed no obvious cause of death and no 
evidenze of myocardial infarction. His pancreatic and 
renal grafts were found to have no gross abnormalities. 


Effect 9f Human Leukocyte Antigen on Graft Survival 


All 21 organ donors were reviewed for human leukocyte 
antigen tissue typing. There was no correlation found be- 
tween the patients with graft success and those with failure 
when evaluating the tissue typing. There was no evidence 
that human leukocyte antigen mismatch at any loci ad- 
versel» affected graft survival. 


Factors Contributing to Graft Loss 


Data were analyzed that compared recipient age, donor 
age, donor sex, operative time, the number of intraoper- 
ative blood transfusions, the number of hospital days, and 
ischemic time (Table 1). No statistical differences were 
found between any of the factors except for ischemic time 
in relation to graft loss. The mean ischemic time for the 
grafts that survived was 11.7 + 6.4 hours versus 19.8 + 3.7 
hours for the grafts that were technically unsuccessful (p 
< 0.05 by unpaired Student’s t test). There were no sta- 
tisticelly significant differences in demographic data be- 
tweer. the portal and the systemic drainage groups. 


Rejection 


Eighteen patients were available for evaluation of re- 
jecticn episodes (excluding the one death and the pan- 
creas-liver “cluster” transplant). A total of 23 rejection 
episodes were diagnosed and treated. This resulted in a 
mean of 1.2 rejections per patient, with a range of 0 to 3. 
Two patients were not diagnosed with any episodes of 
rejection, and only one patient had three episodes. Re- 
jection episodes were treated with steroids in nine epi- 
sodes, OKT3 as a single agent in eight instances, and a 
combination of OKT3 and steroids in six cases of rejec- 
tion. Treatment was successfully accomplished in all cases 
except in the instance of immunologic graft loss due to 
discontiguous renal and pancreatic rejection in one pa- 
tient. 
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Surgical and Infectious Complications 


The surgical and infectious complications are outlined 
in Table 2. We have subdivided the results into the tech- 


nical successful grafts (n = 17) and the technical failures. 


(n = 3). One patient is included in both groups because 
he received a second successful transplant after his initial 
pancreatic graft was lost to venous thrombosis. In the 
technical success group, surgical complications included 
two negative laparotomies, one for bleeding and one to 
rule out venous thrombosis. There were also two late small 
bowel obstructions, which resulted in laparotomy and lysis 
of adhesions. One patient suffered complication of radial 
artery catheterization. On postoperative day 1, he had 
pain and paresthesias in his right thumb, and artericgram 
showed radial artery thrombosis with proximal propa- 
gation and an incomplete dorsal arch. He underwent 
emergent thrombectomy; however, later he required intra- 
arterial streptokinase. His thumb was subsequently re- 
vascularized except for the distal phalanx, which required 
amputation and placement of a split-thickness skin graft. 


TABLE 2. Complications 


Technical successes (n = 17) 
Surgical complications (n = 7) 
Negative laparotomy 2 
Small bowel obstruction 2 
Urinoma l 
Perioperative MI ] 
DVT resulting in PE 1 
Wound dehiscence I 
Radial artery thrombosis l 
Total 9 

Infectious complications (n = 12) 

CMV virema 8 
UTI 5 
HSV (cutaneous) 4 
2 
l 
0 


(1.3/patient) 


Central line 
Wound 
Total 
Technical failures (n = 3) 
Surgical complications (n = 3) 
Abdominal abscess 2 
Pancreatitis 2 
Bleeding 2 
Wound dehiscence 2 
Cholestasis J 
Bladder stitch abscess l 
Penile prosthesis erosion 1 
Total 1] 
Infectious complications (n = 3) 
UTI 


(3.7/patient) 


CMV viremia 

Abdominal absecess 

C. difficile colitis 

CMV hepatitis 

Pneumonia 

HSV (cutaneous) 

Total l 


UI e men eee KO OD La d 


(4.3/patient) 


MI, myocardial infarction; DVT, deep vein thrombosis; PE, pulmonary 
embolus; CMV, cytomegalovirus; UTI, urinary tract infection; HSV, 
herpes simplex virus. 
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He also developed a wound infection from a hematoma 
related to the use of streptokinase, but his vascular anas- 
tomoses and pancreatic graft tolerated the streptokinase 
well in the immediate postoperative period. Other surgical 
complications included one non~-Q-wave myocardial in- 
farction and one deep venous thrombosis and subsequent 
pulmonary embolus, which responded well to treatment. 
Other complications are listed in Table 2. There were 
nine total complications in seven patients in this group, 
which resulted in a mean of 1.3 surgical complications 
per patient. 

In the technical failure group, there were 11 surgical 
complications in three patients, for a mean of 3.7 surgical 
complications per patient. This differs greatly from the 
1.3 surgical complications per patient in the technical 
success group. Two patients had persistent pancreatitis, 
which resulted in a variety of procedures, and the same 
two patients also developed intra-abdominal abscesses. 
One patient developed elevated liver function tests late 
in the complicated postoperative course and had severe 
cholestasis that required a percutaneous cholecystostomy. 
A patient with a urinary bladder stitch abscess experienced 
three episodes of Pseudomonas aeruginosa urinary tract 
infection until the retained suture became visible and was 
removed by cystoscopy. These are not included under the 
urinary tract infection category because they resulted from 
the stitch abscess and were not separate episodes. Addi- 
tional complications are outlined in Table 2. 

For infectious complications, in the technical success 
group, 20 infections were isolated in 12 patients, which 
showed a mean of 1.7 infection episodes per patient. In 
comparison, 13 infectious episodes occurred in the three 
patients in the technical failure group, for a mean of 4.3 
infectious episodes per patient. Most infections in the 
technical success group were either cytomegalovirus 
(CMV) or herpes simplex virus. The herpes simplex vi- 
ruses were all cutaneous lesions and were treated on an 
outpatient basis. The CMV usually required readmission 
to the hospital and treatment with gancyclovir. All CMV 
infections in both groups, 11 total episodes, were found 
on a mean postoperative day of 38. All CMV episodes 
were isolated in the blood, and one of those also resulted 
in CMV hepatitis in a patient in the technical failure 
group. The remainder of infections in the technical success 
group were minor and responded to antibiotic therapy. 

The infections in the technical failure group are outlined 
in Table 2. Two patients developed intra-abdominal ab- 
scesses. The organisms isolated from these abscesses in- 
cluded Staphylococcus aureus, Pseudomonas aeruginosa, 
and Citrobacter freundii. This group included three uri- 
nary tract infections in three patients, and three episodes 
of CMV, including one CMV hepatitis and one Pseudo- 
monas aeruginosa pneumonia. 
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Most infectious complications in the technical failure 
group occurred during the initial post-transplant hospi- 
talization. Overall, the readmission rate was 2.3 + 1.7 
readmissions per patient. The readmissions were usually 
associated with late infectious complications, including 
CMV and rejection episodes. 


Recipient Metabolic Studies 


Twenty-four-hour Metabolic Studies. Twenty-four-hour 
metabolic studies demonstrating glucose, insulin, and C- 
peptide levels for the preoperative patients (n = 18), and 
for seven patients with systemic drainage graft procedures, 
are depicted in Figure 3. For the preoperative patients, 
fasting glucose was 209 + 19 mg/dL. Insulin values for 
this group did not peak with meals and most likely re- 
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Fic. 3. Twenty-four—hour metabolic profile. Preoperative patient (n = 12) 
glucose, insulin, and C-peptide values at !-hour intervals (O) are com- 
pared with postoperative values (@) of patients who received successful 
pancreas transplants. A basal and meal-stimulated hyperinsulinemia is 
apparent. Arrows denote meal or snack. Data are discussed further in 
the text. 
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Fic. 4. Oral glucose tolerance test. Serum glucose and insulin levels 
(mean = SEM) during a standard 100-g oral glucose challenge are shown 
for all oreoperative patients (@). The postoperative patient values are 
divided into the systemically drained pancreatic grafts (O) and the portal 
drainage group (a). The systemic drainage group shows a greater basal 
and meal-stimulated hyperinsulinemia after operation than the portal 
drainage group. 


flected individual exogenous insulin administration be- 
cause the C-peptide levels were 0.009 + 0.4 pmol/mL. 
Post-transplant mean fasting glucose was 103 + 8 mg/dL, 
whick was approximately one-half the value of the pre- 
operative values. Insulin values demonstrated a fasting 
hyperinsulinemia of 42 + 10 „U/mL and meal-stimulated 
hypennsulinemia to 131 + 34 wU/mL. C-peptide values 
were markedly increased with transplantation to a fasting 
level of 0.769 + 0.7 pmol/mL and a meal-stimulated level 
of 1.1 + 0.1 pmol/mL. 

Oral Glucose Challenge: Systemic Versus Portal 
Drainage. The results of a standard oral glucose challenge 
comparing all preoperative patients (n = 18) with post- 
operetive patients who were either systemically drained 
pancreatic allografts (n = 6) or portal drained pancreatic 
allografts (n = 3) are depicted in Figure 4. For preoperative 
patients, fasting glucose averaged 211 + 27 mg/dL, and 
peak values were 434 + 41 mg/dL. Mean fasting insulin 
value in the preoperative patients was 23 + 4 pU/mL, 
which decreased slightly during the challenge and most 
likely reflects exogenous insulin. After operation, the sys- 
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temically drained group had fasting glucose and insulin 
values of 87 + 7 mg/dL and 56 + 10 U/mL, respectively, 
which peaked to a glucose level of 151 + 11 mg/dL and 
an insulin level of 190 + 26 wU/mL with stimulation. 
The portal drainage group demonstrated fasting glucose 
and insulin values of 91 + 5 mg/dL and 34 + 1 U/mL, 
respectively, which peaked to 135 + 28 mg/dL for glucose, 
and for insulin, 88 + 27 wU/mL. 

Figure 5 illustrates the integrated glucose response val- 
ues after an oral glucose challenge for all preoperative 
patients versus all postoperative patients versus the sys- 
temically drained postoperative patients versus the portal 
drained postoperative patients. Successful pancreatic 
transplantation statistically lowers the integrated giucose 
response, yet none of the three transplant groups differ 
from the other postoperative groups. Figure 5 demon- 
strates the integrated insulin response for the same four 
groups. Systemic drainage of the pancreatic venous ef- 
fluent results in a statistically significant increase in the 
integrated insulin response compared with the preoper- 
ative patients (19.4 + 4 versus 127 + 21 #U/mL/min). 
Portal drainage lowers the integrated insulin value to a 
level that is both statistically elevated from preoperative 
and decreased from systemically drained transplants (68 
+ 7 pU/mL/min). 

Preoperative and postoperative HbA IC values were also 
compared. The mean value dropped from 11.2 + 3.3% 
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Fic. 5. Integrated response to oral glucose challenge. The integrated re- 
sponses (area under the curve) of glucose and insulin to a standard 100- 
g oral glucose challenge. The results (mean + SEM) are presented for 
patients before and after operation, with the latter group subdivided into 
portal vs. systemic drainage of the pancreatic graft. *p < 0.05 vs. pre- 
operative value. § p < 0.05 ys. systemic. 
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to 5.1 + 0.8% after successful pancreatic transplantation 
for the entire group. The mean preoperative serum cre- 
atinine was 5.4 + | mg/dL, whereas the postoperative 
mean was 1.4 + 0.1 mg/dL. 


Discussion 


Pancreas transplantation has evolved dramatically since 
the first pancreas performed by Kelly and Lillehei at the 
University of Minnesota in 1966. The patient and graft 
survival has continued to improve over the years, with 
an average l-year patient survival in the United States of 
92% and an average pancreas graft survival of 72%.' Ad- 
ditionally, new techniques have been developed to de- 
crease complications and enhance the ability to monitor 
rejection. It has become apparent that patient and graft 
survival are improved when a simultaneous pancreas- 
kidney transplant is performed.'® This series, although 
small, demonstrates comparable survival statistics. 


Survival 


Our overall patient survival and 1-year patient survival 
is 95%. Other series report that most deaths are related 
to cardiac complications.'!’ Pancreatic graft survival of 
81% in our series is also comparable with other reported 
survival rates.'!°'® Three grafts were lost within the first 
2 months, which all could be associated with technical 
errors, which included a harvest/perfusion injury, a ductal 
obstruction, and one episode of thrombosis, yielding a 
thrombosis rate of 4.7%, which is lower than other re- 
ported series.!? No form of anticoagulation, heparin or 
low-molecular-weight dextran, is routinely used in our 
patients. Only one pancreatic graft was lost to rejection 
on postoperative day 449. This latter case serves as a re- 
minder that although the kidney is an excellent monitor 
for rejection, with elevation of serum creatinine acting as 
a harbinger of pancreas rejection, a discontiguous rejection 
episode may occur. Elevation of serum glucose, which is 
a late finding, may be the only indication of this type of 
rejection because urinary amylase is usually not routinely 
monitored on an outpatient basis. This patient was es- 
pecially interesting because he was the patient who un- 
derwent retransplantation of his pancreatic graft, so his 
functioning kidney and his functioning pancreas were 
immunologically different. 

The reason for better results with simultaneous pan- 
creas—kidney transplantation rather than sequential kid- 
ney—pancreas transplantation or pancreas alone remain 
largely unknown. Some speculate that the kidney plays a 
cytoprotective role. In our small series, we have three 
pancreas transplants alone and one performed 4 years 
after a living related donor renal transplant. All four of 
these pancreatic grafts functioned immediately and the 
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patients have been insulin free since that time. This is in 
contrast to several studies that report an approximately 
50% survival of pancreas transplants alone.'©!®?°*! The 
reason for this difference is unclear. The long-term out- 
come of these patients as well as that of additional patients 
in this category require further evaluation. 

Pancreatic grafts obtained from multiorgan donors, in- 
cluding liver donors, does not seem to adversely effect 
survival of pancreas grafts. We advocate the use of both 
organs whenever possible at a time in which organ short- 
age is currently a major impediment to transplantation. 
Additionally, University of Wisconsin solution remains 
the preservation solution of choice. Our results indicating 
a-statistically significant difference in graft success with 
shorter ischemic time as opposed to graft failures with 
longer ischemic time differ somewhat from other studies 
that have shown no difference in survival with prolonged 
ischemic time.'® Because only three grafts in our series 
failed in the first year, the association of prolonged isch- 
emia and graft failure may be a reflection of a small series, 
and further evaluation with more patients would be ben- 
eficial. Currently we favor expeditious reimplantation. No 
additional factors could be isolated in our series that ad- 
versely affected graft survival. 


Post-transplant Complications 


Surgical and infectious complications remain an im- 
portant contributor to morbidity and mortality rates in 
all transplant populations. Our series reveals an acceptable 
complication rate for both surgical problems and infec- 
tious complications. When the complications are divided 
into the technical success group and the technical failure 
group, it is very apparent that most serious complications 
occur in the latter group. The patients who have one com- 
plication are more likely to have a series of complications. 
The incidence of both surgical and infectious complica- 
tions in the graft failure group was three to four times 
that of the graft success group. The nature of the infectious 
complications in the technical failure group tends to be 
more serious, with pathogenic bacteria isolated including 
Pseudomonas aeruginosa, Citrobacter freundii, and En- 
terobacter. These organisms reflect the severity of their 
illness induced by multiple complications associated with 
a graft failure. Our series reports a high incidence of CMV 
infections. The CMV infections did occur in the expected 
time frame of 4 to 6 weeks after transplantation. Herpes 
simplex virus also was isolated five times and required 
therapy but did not cause any serious infections and were 
usually treated on an outpatient basis. 

The current preference for pancreatic exocrine drainage 
is through the urinary bladder. The incidence of bladder 
leaks and complications has decreased with the increased 
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use of duodenal segment rather than a duodenal button 
for the duodenoneocystostomy anastomosis. ! Problems 
arise wh metabolic acidosis in some patients secondary 
to the _rinary bicarbonate loss, however. Thus, a tech- 
nique that places exocrine secretions into the gastrointes- 
tinal trzct may be a reasonable alternative. 


Post-transplant Glucoregulation 


Surgacal alterations of the pancreas necessary for trans- 
plantation result in changes in insulin delivery that allow 
for examination of carbohydrate metabolism in both the 
diabatiz and the normal state. Metabolic studies of pan- 
creas transplant recipients during the early successful pe- 
riod of pancreas transplants suggested the possibility of 
increased fasting and meal-challenged insulin levels.” Af- 
ter documentation of increased success rates, further 
physiologic evaluation demonstrated that elevated insulin 
levels rrere associated with the techniques of transplan- 
tation, which employed systemic release of insulin in hu- 
mans z3 well as animal models.?>~*° 

The reasons for hyperinsulinemia after transplantation 
of the pancreas are not entirely clear. Surgical alterations 
necessary to perform the transplantation, including de- 
nervation, which may release an inhibitory effect, or sim- 
ply the systemic release of insulin, which bypasses a “first- 
pass” h=patic extraction, may be an explanation for post- 
transplant elevations in insulin levels. Another possibility 
may be that the immunosuppressive agent, cyclosporine, 
might =ffect either the beta-cell release of insulin or may 


‘modify systemic sensitivity in a fashion that might lead 


to a sttmulus for higher peripheral levels of insulin to 
“normalize” glucoregulation.””78 The association of hy- 
perinsulinemia with other long-term consequences has 
been r=ported. Insulin therapy, and perhaps hyperinsu- 
linemiz, per se, have been suggested to be associated with 
atherosclerosis and vascular endothelial damage.” In 
fact, a recent study in animals demonstrated increased 
triglyceride content in skeletal muscles and arterial wall 
sample3 after systemically drained pancreas transplanta- 
tion, wnich resulted in elevated basal and challenged in- 
sulin values.” 

We nave recently adopted a technique of pancreas 
transp_antation that employs a venous anastomosis into 
the portal system through the proximal splenic vein. This 
technicue necessitates enteric drainage of the exocrine 
pancreas and therefore the loss of the capability of mon- 
itoring graft rejection by urinary amylase levels, which 
popule-ized the bladder drainage technique. We believe, 
however, that portal drainage of the graft results in more 
physiologic insulin values, especially after glucose stim- 
ulation. Interestingly, basal insulin is still high (25 to 35 
uU/mL), albeit lower than the systemically drained trans- 
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plants. Whether or not lowered insulin values have an 
impact on long-term complications requires further eval- 
uation. Initial reports in animals, however, have docu- 
mented that animals with portal drained insulin sources 
have decreased peripheral insulin levels and decreased 
muscle and arterial triglyceride levels compared with an- 
imals with systemically drained insulin grafts.” By com- 
paring the data in Figures 5, it is intriguing to note zhat 
high or low insulin values have no effect on the integrated 
glucose values, a finding we have seen in animal models.” 
This suggests that absolute insulin values in the periphery 
may not be the important glucoregulatory event. It may 
be that another aspect of insulin secretion, perhaps pul- 
satile secretion patterns, which may have a greater sig- 
nificance than previously thought. 

In conclusion, our initial experience corroborates the 
work of others that pancreas transplantation has proven 
to be an acceptable therapeutic option for type 1 diabetes 
mellitus. The patient and graft survival rates continu2 to 
improve. New techniques and modifications of exiszing 
procedures continue to evolve in an attempt to decrease 
morbidity and mortality rates associated with panczeas 
transplantation as well as to attempt to minimize mta- 
bolic alterations from normal physiologic mechanisms. 
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DISCUSSION 


JAMES C. THOMPSON (Galveston, Texas): This is really a spiffy paper, 
and I am honored to be asked to talk about it. Obviously, a whole-organ 
transplantation of the pancreas is not the answer to diabetes, because in 
the process of doing it, you stuff a whole lot of exocrine cells into the 
body that can only cause trouble. Fhey have no way of doing any good; 
they can only do bad, and they all end up going bad at one time or 
another. In Galveston we have had experience fcr a little more than 3 
years. We have done a few more than 30. And what you do when you 
get in the pancreas transplant business is you never get rid of the patients. 
They are always hanging around, do not get too far away, and they come 
back in frequently, and you get to know all of them and their children 
and their families by their first names. But it is a wonderful treatment. 
It is not perfect, but it is wonderful. And I think that what we see here 
is really probably atout as good as we are going tc get with whole-organ 
transplantation. 

This is a very nice manuscript, and I learned a lot from it. First of all, 
it has a nice review of the literature. In 25 years, I am told that more 
than 1400 pancreas transplants have been done. One of the things I 
would like to ask the authors is whether provision of normal pancreatic 
insulin, that is, insulin not out of a bottle, halts or affects the lethal 
progression of obliterative vascular disease in the kidney, brain, retina, 
and heart. We are doing this on the assumption that it does. And Marshall 
Orloff, in a series of brilliant studies in diabetic m-ce, provided evidence 
that it does: We have now been doing this for 25 years. What is the 
evidence in humans? I am sure you know a lot about that. 

I think everything in this paper is spiffy, and I really like that idea 
about putting the portal venous blood or the insulin venous blood—the 
pancreatic venous blood—into the portal vein. But what is really bad 
about hyperinsulinism? I mean, you talk about it, but is it really bad? 
Does anybody get into trouble with this hyperinsulinism who has their 
pancreas drained into the systemic venous system? 

Also, you make a few side remarks in the manuscript about the prob- 
lems of alkalosis when you put the drainage of the pancreas and duo- 
denum into the bladder. What complications did vou actually see of that 
metabolic alkalosis? And I guess the most important thing is what are 
you going to do in the future? Are you going to do all of these by draining 
them into the portal vein? Are there some that you cannot? Are there 
limitations to this? Is this something that everybody ought to be taking 
up? Now the University of Virginia at Charlottesville is known for many 
things. One of them is that they have a system of elegant studies of 
glucose clamp techniques to determine hepatic glucose metabolism, and 
they have been studying the effect of insulin and glucagon and GIP. And 
they showed us some studies in preoperative patients. Now I know you 
have done these in these people, that you have dreined the pancreas into 
the portal vein. And how do they differ? How do these glucose clamp 
studies differ in this small subset of your three patients from those in 
whom you drained the pancreatic vein into the systemic venous system? 

Thanks a lot. 


Dr. WALLACE P. RITCHIE,, JR. (Philadelphia, Pennsylvania): Dr. 
Thompson is always a very difficult act to follow, particularly when he 
asks the only question I could think of about this paper. 

I would like to congratulate Dr. Hanks on what appears to be an 
excellent series with marvelous results and quite comparable to larger 
series from people who have been in the business for a long time. And 
I would like to thank him for the opportunity to review the manuscript 
and for asking me to comment on it very briefly. I am not entirely sure 
why he did this, except for the fact that he does have a deep sense of 
history, which is genetic, and he does know that I have scrubbed on one 
pancreas transplant procedure in my entire life. But it did happen to be 
the very first one ever done in humans, and that was done at the University 
of Minnesota in the mid-1960s by Drs. William Kelly and Richard Lil- 
lehei. I was also, at least in part, responsible for the care of the patient 
after the transplant, which was done very much, John, as I recall, in the 
manner in which you have depicted your last three patients of your own. 
As the euphemism has it, that was a very stormy postoperative course— 
very stormy. I think a lot of progress has been made, from one sort of 
sitting on the sidelines. And, at least to my untutozed eye, I think treating 
the pancreatic grafi, as Dr. Sollinger and Dr. Belzer have shown us, in 
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the same technical way relative to exocrine secretion in vascular anas- 
tomoses, as one would treat a renal allograft, has represented a major 
step forward. | 

So what Dr. Hanks is now suggesting is that perhaps transplant surgeons 
may have been too cavalier—and that is the appropriate term in Dr. 
Hanks’ case—about the consequences of systemic hyperinsulinemia, 
which current techniques of graft implantation make inevitable, Perhaps 
we will sze impaired hepatic glucose metabolism, and that 1s why the 
question about the clamp that Dr. Thompson raised is an important 
one. Pertaps we will see beta-cell exhaustion. Perhaps we will even see 
acceleration of atherosclerosis. The method he proposes for delivering 
insulin to the portal circulation may, in fact, ameliorate the supposed 
problems. But it does appear to be technically rather demanding, very 
similar te what I saw back in the 1960s. So the real issue here is what is 
the risk~benefit ratio. My question for Dr. Hanks then is, how real are 
these conzerns? I would simply point out that an article recently appeared 
in the New England Journal of Medicine just last month in which glucose 
and insulin metabolism were studied in three groups of patients, much 
like those that John showed us in his glucose clamp study. Páncreas- 
kidney transplants were performed in the standard way, in diabetic re- 
cipients, 20ne of them required insulin, all were euglycemic; nondiabetic 
renal transplant recipients were used as controls for immunosuppression, 
as well as normal subjects. And although the first group did have, as 
expected higher fasting and postprandial insulin levels, there were ab- 
solutely no differences between any of the groups under the same cir- 
cumstances with respect to glucose concentration, plasma glucagon levels, 
the rate of appearance or disappearance of ingested glucose in the systemic 
circulation, hepatic-glucose release, or the rate of incorporation of CO, 
into glucose. In other words, there was grossly normal glucose metabolism 
despite systemic hyperinsulinemia. 

So I tink the real important question, John, 1s this: What is the real 
case for portalization of the venous effluent from pancreatic allografts? 
I enjoyed the paper very much indeed and appreciate the opportunity 
to discuss it. 


Dr. F O. BELZER (Madison, Wisconsin): I also enjoyed the paper, 
but I would just have a word of caution. First, this technique was actually 
first described by Roy Calne about 4 years ago and subsequently has 
been abandoned. The only difference was that he used the splenic artery 
and splenic vein with exocrine drainage into the stomach. 

We have also done approximately 10 enteric anastomoses. If something 
goes wrong with the bladder anastomosis, you end up with a live patient 
and usually a still functioning graft. If you get a complication with an 
enteric anastomosis, you frequently end up with graft loss and sometimes 
with patient loss, unless you use the very elaborate technique that is used 
in Stocknolm with long-term external drainage of the pancreatic duct 
itself. 

As there really is no evidence that hyperinsulinism is detrimental, why 
use an cperation that is more dangerous than the bladder technique? 
Interestingly enough, if you do the bladder technique and 6 or 10 months 
later you convert it to intestinal drainage, the complications are much 
less because the exocrine function has usually been more or less exhausted, 
and you~ vascular anastomosis is mature. In my opinion, the intestinal 
anastomosis in pancreas transplantation is more hazardous, and I would 
just warr: you that you are going to see complications that may be serious. 


DR. LYNN ROSENLOF (Closing discussion): I would like to thank Dr. 
Britt and Dr. Jones. I also would like to thank Dr. Thompson and Dr. 
Ritchie “or the fine and complimentary comments and Dr. Belzer for 
the well-thought-out and cautious comments, because these are in fact 
very tru2 points, and we do need to proceed with caution. This new 
technique is not necessarily the exact answer to all the problems that we 
have. We are fortunate that, in the three patients on which we have done 
portal drainage, there have been no problems with enteric anastomotic 
leaks. We also have had very limited—actually no—bladder leaks when 
we did fhe ureteroneocystostomies. Variations of this technique have 
been introduced in the past, and it has been abandoned, but most of 
those were gastroenteric anastomoses. We agree that the enteric anas- 
tomosis is the Achilles heel of this procedure. Several technical factors 
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contribute to the paucity of problems that have been observed. First, the 
side-to-side duodenojejunostomy is made with the EEA stapler. By en- 
tering the long fourth portion of the donor duodenum, precision is max- 
imized. Secondly, instillation of intraduodenal antibiotics has markedly 
reduced microbial inoculum from the donor and recipient. Thirdly, 
preservation of the pancreas is better than ever, in large part due to the 
solution that carries your name, and donor duodenal distension is min- 
imized. Lastly, the anastomosis is made distal enough on the jejunum 
so that if a leak occurred, removal of the pancreas would allow for re- 
constitution of the small bowel, and outstanding success has been ac- 
complished with the systemic drainage. But we still do see the issu2 with 
systemic hyperinsulinemia. In both animal and human studies, it has 
been clearly documented that the systemic hyperinsulinemia does exist; 
however, its detrimental long-term effects have not been well documented. 
Current studies have shown that systemic hyperinsulinemia may lead to 
increased atherogenesis and progression of peripheral vascular disease 
in some of these patients; however, other studies have not been quite as 
able to confirm these findings. 

There is a recent study in a canine model that looked at peripheral 
triglyceride levels in the vascular arterial walls and in the muscles. The 
study showed increased concentrations of triglycerides in a canine model 
where they induced systemic hyperinsulinemia. Again, whether this long- 
term systemic hyperinsulinemia does cause these detrimental effects and 
increased atherogenesis remains to be seen, and these long-term studies 
need to be further carried out. 

Additionally, in our patients who have undergone systemic drainage-— 
and we have documented the systemic hyperinsulinemia—most of their 
metabolic studies were done in approximately 12 months after operation. 
Because we are a relatively new program, we are still studying these 
patients, and it will be interesting to see whether this systemic hyperin- 


_PANCREAS-KIDNEY TRANSPLANTATION 


597 


sulinemia persists over a long period. There have not been any long- 
term studies to show whether this systemic hyperinsulinemia persists. It 
appears that draining the pancreatic venous effluent into the portal system 
seems to be more physiologic, but it still does not answer all of the 
questions, We have portally drained three patients, and we still see a 
relative basal hyperinsulinemia. 

Dr. Thompson has made some very kind comments, which we ap- 
preciate. We are in the process of bringing them back into the Clinical 
Research Center. 

Dr. Thompson also referred to whether systemic or portal drainage 
of successful pancreas transplantation is able to halt the progression of 
secondary diabetic complications such as progression of peripheral vas- 
cular disease and retinopathy. This has been studied over a long period, 
and in reviewing the literature it remains controversial. Some studies 
show that there is some improvement, but longitudinal studies are needed 
for confirmation. 

I would like to say thank you for all the kind comments, and I especially 
appreciate the cautious words of Dr. Belzer, because this is a very new 
technique, and I do not think it will be the complete answer. We feel it 
certainly offers an alternative technique to deal with some of the issues 
regarding the systemic hyperinsulinemia that has unknown detrimental 
effects, as well as some of the metabolic consequences of the bladder 
drainage technique. We have had several patients who have had significant 
metabolic acidosis develop from the pancreatic exocrine secretion into 
the bladder. In fact, last week we had to take one patient who is now 
approximately 3 years out from his pancreas transplant back to the op- 
erating room and convert him to enteric drainage. And Dr. Belzer’s 
comments with regard to late conversion of enteric drainage also may 
be a reasonable alternative. I would like to thank the Association for the 
opportunity to discuss this paper. 
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Thirty-six patients underwent orthotopic liver transplantation 
(OLT) for primary sclerosing cholangitis under cyclosporine, 
azathioprine, and steroid immunosuppression. Of these patients, 
29 suffered from chronic ulcerative colitis. The purpose of this 
study is to determine (1) whether replacement of the diseased 
liver and the altered immunocompetence suppresses the mani- 
festation of chronic ulcerative colitis, and (2) if active colonic 
disease alters allograft function. Thirty of 36 patients survived 
OLT. After OLT, seven of 14 patients with symptomatic colon 
disease at the time of transplantation continue to suffer from 
active chronic ulcerative colitis, and three of 13 who were 
asymptomatic developed clinically active disease. Intractable 
colonic disease was the indication for post-OLT proctocolectomy 
in three patients, and one refused an indicated colectomy. Despite 
the long duration of the disease, none developed colonic malig- 
nancy. Long-term graft assessment showed good hepatocyte 
synthetic function in patients suffering from either active or in- 
active disease. Liver alkaline phosphatase, however, was signif- 
icantly higher in patients suffering from active colonic disease. 
Furthermore, the alkaline phosphatase in symptomatic patients 
was higher than that seen in a matched cohort undergoing OLT 
for chronic active hepatitis or primary biliary cirrhosis. These 
_ results suggest that (1) liver replacement and immunosuppression 

. in patients suffering from sclerosing cholangitis and ulcerative 
‘colitis do not alter the course of the colon disease, and (2) active 
chronic ulcerative colitis does not adversely affect allograft func- 
tion, although elevation of alkaline phosphatase may be the har- 
binger of recurrence over the long term. 


uncommon disease that causes an inflammatory 
reaction resulting in fibrosis of the biliary ductal 
system, and the subsequent development of cirrhosis. The 
causative factors leading to the destruction of both intra- 
hepatic and extrahepatic bile ducts are yet to be deter- 


pP RIMARY SCLEROSING CHOLANGITIS (PSC) is an 
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mined. Possible mechanisms include immunologic dis- 
orders, bile and biliary mucosal abnormality, or infectious 
agents.! Almost 70% of the patients with PSC are found 
to suffer from inflammatory bowel diseases, mainly 
chronic ulcerative colitis (CUC).? Despite the frequent 
association of PSC and inflammatory bowel disease, how- 
ever, neither a common pathogenesis nor a direct cause- 
effect relationship between the two conditions has been 
identified. The controversy surrounding the role of the 
colon disease in the development of PSC is fueled by some 
reports that indicate that early proctocolectomy may arrest 
or prevent the development of end-stage PSC.** Con- 
versely, a large series from the Mayo Clinic indicates that 
proctocolectomy had no influence on the natural pro- 
gression of PSC.° This latter study is hindered by the fact 
that at the time of the colon removal, PSC was already 
established. The presence of normal colonic mucosa in 
advanced PSC was used also to argue against an associ- 
ation between the colon and the pathogenesis of the liver 
disease. In this report, we studied the fate of the liver 
graft, as well as the activity of the colonic disease after 
orthotopic liver transplantation (OLT). The purpose of 
this study was to determine: (1) the impact of active versus 
inactive colonic disease on the function and survival of 
the normal allograft, and to document the recurrence of 
PSC (2) The effect of a normal liver graft and active im- 
munosuppression on the post-transplant activity of CUC. 
(3). Whether CUC will develop in transplanted patients 
who were free of colonic disease before their OLT. 


Methods 


The charts of 400 consecutive adult patients undergoing 
OLT at University of California, Los Angeles between 
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1985 and 1990 were examined. Thirty-six patients were 
identified as suffering from end-stage liver disease sec- 
ondary to PSC. There were 22 men and 14 women, with 
a mean age of 42.7 years (standard deviation + 9.2). The 
following criteria were used to establish the diagnosis of 
end-stage liver disease secondary to PSC: (1) Clinical signs 
and symptoms of jaundice, pruritus, cholangitis, and 
complications of portal hypertension (2) endoscopic ret- 
rograde cholangiopancreatography or transhepatic chol- 
angiography that demonstrated the typical findings of 
multiple strictures and dilatations of the intrahepatic and 
extrahepatic biliary ducts. (3) Preoperative liver biopsy 
showing histologic findings of periportal fibrosis and ad- 
vanced cirrhosis. These findings were confirmed by mi- 
croscopic examination of the diseased liver after OLT. 
Patients who were diagnosed before operation as suffering 
from cholangiocarcinoma associated with PSC were ex- 
cluded from analysis. 

All patients who had been evaluated for OLT under- 
went a preoperative assessment of their colonic disease. 
History of active CUC, abdominal pain, diarrhea or 
bloody diarrhea at any time prior to the evaluation man- 
dated preoperative colonoscopy and biopsy to rule out 
malignancy. Exceptions were patients who underwent 
proctocolectomy and did not report any symptoms of 
bowel disease after the operation. 

Patients undergoing OLT and suffering from CUC were 
separated into four groups, based on the presence of clin- 
ical symptoms or colonoscopic findings. Group I patients 
suffered from active clinical and colonoscopic disease, 
group II had quiescent clinical but colonoscopic signs and 
biopsy evidence of mucosal inflammation, group III had 
inactive clinical disease with normal colonoscopic find- 
ings, and group IV underwent total proctocolectomy be- 
fore OLT. The preoperative status of the bowel disease 
was compared with the most recent, post-transplant clin- 
ical symptoms and colonoscopic findings. 

Orthotopic liver transplantation was performed as pre- 
viously described. The only modification was resection of 
the entire common bile duct to the pancreas, and recon- 
struction of the biliary system with a Roux-en-y chole- 
dochojejunostomy. The cut surface of the bile duct was 
sent for frozen section in cases suspected of cholangio- 
carcinoma; however, tumor was not found in any of the 
patients. 

Post-transplant maintenance immunosuppression in 
this group included prednisone 5 to 15 mg/day, azathio- 
prine | mg/kg/day, oral cyclosporine (adjusted to obtain 
whole blood high-pressure liquid chromatography levels 
of 150 to 300 ng/mL), or FK 506 (adjusted to plasma 
levels of 0.5 to 2.0 ng/mL). Long-term post-transplant 
graft function was followed by routine liver function tests 
at 6-month intervals. The mean follow-up after OLT in 
this group is 29.5 months (standard deviation + 17.6). 
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After OLT, all patients were routinely observed for the 
development of colonic and liver dysfunction. Surveil- 
lance colonoscopy and biopsy and liver biopsy were per- 
formed when indicated. Percutaneous transhepatic chol- 
angiography was used to confirm the existence of intra- 
hepatic or extrahepatic bile duct pathology if clinically 
suspected. Routine liver tests, at 6-month intervals in- 
cluded: albumin, prothrombin time (synthetic function), 
serum glutamic-oxaloacetic transaminase, serum glu- 
tamic-pyruvic transaminase, alkaline phosphatase, and 
total and direct bilirubin. 


Statistical Analysis 


The data are expressed as mean and standard deviation. 
Comparison between groups were performed by using the 
standard un-paired Student t test. All statistical analysis 
was performed using Statview 512 + TM (Interactive Sta- 
tistics and Graphics package, Abacus Concepts, Inc). 


Results 
Patient Outcome 


The actuarial 1- and 5-year survival rate for patients 
undergoing liver transplantation for PSC at University of 
California, Los Angeles, is 80% and 76%. Twenty-nine of 
36 patients are alive and back to a normal activity. The 
early (3-month) postoperative mortality rate was 17% (6/ 
36), and was related to graft failure (rejection 1/6) or sys- 
temic infection (5/6). Late follow-up disclosed only one 
death due to recurrent cholangiocarcinoma (not diagnosed 
before operation). 


Preoperative Liver Disease 


Pretransplant manifestation of end-stage liver disease 
and the indications for transplantation are summarized 
in Table 1. Common symptoms were severe fatigue, in- 
ability to maintain normal routine activities, and signif- 
icant weight loss. Other findings included: portal hyper- 


TABLE 1. Indications for Orthotopic Liver Transplantation in End- 
stage Primary Sclerosing Cholangitis 


No. of 
Indication Patients 
Life style 
Decreased activity 36 (100%) 
Chronic fatigue 36 (100%) 
Portal hypertension 
UGI bleeding 10/36 (28%) 
Ascites 21/36 (58%) 


Recurrent encephalopathy 
Hyperbilirubinemia 


9/36 (25%) 
36/36 (100%) 
(18.8 + 9.1) 
Poor synthetic function 
PT > 3 sec 
Albumin < 3 g/dL 


11/36 (31%) 
17/36 (47%) 
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tension and recurrent upper gastrointestinal bleeding (10/ 
36), ascites (21/36), and recurrent episodes of hepatic en- 
cephalopathy (9/36). Preoperative laboratory findings 
were hyperbilirubinemia (mean, 18.8 mg/dL, standard 
deviation = 9.1}, and poor hepatic synthetic function (hy- 
poalbuminemia < 3.0 g/L in 17/36, prothrombin time 
> 3 seconds than control in 11/36). The mean time be- 
tween acceptance as a transplant candidate to transplan- 
tation was 6 weeks, and we did not observe significant 
deterioration of the liver disease during this period. 
Incidental cholangiocarcinoma was found during hep- 
atectomy in two patients; both had small tumors (less 
than 2 cm in diameter) at the hilum of the liver. These 
patients underwent uneventful OLT and the resected 
margins appeared to be free of tumor. However, one died 
of recurrent cholangiocarcinoma 20 months after trans- 
plantation, the other is free of disease 4 years after surgery. 


Post-transplant Graft Function 


Six patients were admitted for episodes of biopsy- 
proven acute rejection within 3 to 12 months of OLT. 
They responded well to the administration of high-dose 
methylprednisolone, or OKT3 monoclonal antibody. 
Chronic rejection was recognized in two patients; both 
had an extensive workup that ruled out hepatitis, and 
vascular or biliary tract pathology. The biopsy findings 
were significant for chronic periportal inflammation with 
mononuclear infiltrate, lobular hepatocyte necrosis, and 
vanishing bile ducts. These two patients did not report 
post-transplant symptoms of active CUC. 

Delayed strictures of the biliary enteric anastomosis 
occurred in two patients; the presenting symptom was 
septic cholangitis and rising bilirubin. Percutaneous 
transhepatic cholangiogram demonstrated the anasto- 
motic stricture;, both responded well to dilatation and 
short-term percutaneous transhepatic stent. 
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Fic. 1. Liver biopsy specimen 14 months after liver transplantation shows 
bile duct with periductal fibrosis. 
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Months post-OLT 
FIG. 2. Fest-transplant synthetic graft function (albumin) or total bilirubin 


was not different between patients with inactive and those with active ` 
colonic <isease. 


Posable recurrent sclerosing cholangitis was recognized 
in only one case. This patient was treated for two episodes 
of acute rejection within the first 6 weeks after transplan- 
tation, because then he did not suffer from elevated trans- 
aminzses or biopsy-proven rejection. Doppler sonography 
scan i=. this patient demonstrated arterial blood supply to 
the liver graft. The first abnormal finding, 6 months after 
transp.antation, was a persistently elevated alkaline phos- 
phatase, with levels of 680 + U/L. Multiple liver biopsies 
showed periductal fibrosis, similar to that seen in early 
sclerosing cholangitis (Fig. 1). Transhepatic cholangio- 
gram demonstrated the narrowing of the intrahepatic bile 
ducts ith distal dilatation. This patient continued to suf- 
fer from intractable active CUC, and recently underwent 
total proctocolectomy. Current liver tests demonstrate 
persistant elevation of alkaline phosphatase; however, it 
is too zarly to determine the effect of proctocolectomy on 
the liver graft. 

Hepatic transaminases, bilirubin, and albumin are 
withiz normal range in all surviving patients (Fig. 2). 
Twelve months after OLT, however, eight patients with 
active ulcerative colitis had higher levels of alkaline phos- 
phatese when compared with 21 with inactive disease, or 
with -aose who had proctocolectomy before OLT (Fig. 3) 
(226.2, standard error 111 versus 112.2, standard error 
12.1, p = 0.12), or to a matched cohort of PBC and chronic 
active hepatitis patients (Fig. 4). The difference in alkaline 
phosrhatase between the two groups reached statistical 
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FIG. 3. Post-transplant follow-up of alkaline phosphatase in patien:s with 
or without colonic symptoms shows significant difference at 24 months 
(p < 0.017). 


significance at 24 months, when six patients with active 
CUC were compared with 13 patients with inactive disease 
(285.6, standard error 134.7 versus 73, standard error 6.5, 
p = 0.017). Despite the significantly elevated alkaline 
phosphatase and the presence of active colonic disease, 
these patients continue to do well, and do not have any 
clinical or biochemical evidence of liver dysfunction. 


Preoperative Bowel Disease 


The existence of clinical and colonoscopy-proven in- 
flammatory bowel disease/CUC was known in 29 of 36 
patients (80%) (Fig. 5). There were no cases of Crehn’s 
disease of the large or small bowel in this group. The mean 
duration of CUC before OLT was 17.4 years (standard 
deviation + 10.2). 

The bowel disease was found to be clinically symptom- 
atic in 12 of 29 patients who were treated with either 
azulfidine or steroids. These patients complained of ab- 
dominal pain, multiple soft bowel movements, and in- 
termittent bloody diarrhea. Colonoscopic findings of ac- 
tive inflammation were seen in 14 patients (12/14 with 
clinical symptoms). Eleven of 29 had no symptoms related 
to bowel disease (11/29), and normal or quiescent disease 
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FIG. 4. Alkaline phosphatase levels remain stable 6 to 36 months after 
OLT for PBC or CAH. These levels were lower than those found in 
patients who underwent transplantation for PSC and who had active 
CUC. 
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FiG. 5, The existence of chronic ulcerative colitis was documented in 29 
of 36 patients who underwent OLT for end-stage PSC. However, only 
12 patients had active colonic disease. 


by colonoscopy. Adenocarcinoma in situ was seen in one 
patient who underwent abdominal colectomy at the time 
of transplantation. Four of 29 patients underwent total 
proctocolectomy, before the development of end-stage 
PSC. The indications for bowel resection was chronic dis- 
ease with recurrent acute exacerbations, refractory to 
medical therapy. Only one patient was found to suffer 
from Dukes’ B adenocarcinoma in the left colon; this pa- 
tient underwent total abdominal colectomy and ilioproc- 
tostomy 6 years before his transplant. 


Postoperative Bowel Disease 

Changes in the post-transplant activity of the colonic 
disease are demonstrated in Table 2. 
Group I 


Preoperative clinical and colonoscopic active disease 
was found in 12 patients. One patient in this group un- 
derwent total abdominal colectomy at the time of trans- 
plantation. Post-transplant active CUC as reported by 


TABLE 2. Alteration in the Activity af Chronic Ulcerative Colitis After 
Orthotopic Liver Transplantation 
Post-transplant Activity 


A B C D 


Pretransplant activity 

An= 12 7 3 2 

Bn=2 Í I 

Cn= l] 3 8 

Dn=4 4 
Total n= 29 11 4 10 4 


A, active clinical disease with biopsy-proven mucosal inflammation; 
B, asymptomatic, biopsy-proven mucosal inflammation; C, asymptom- 
atic, no evidence of mucosal inflammation; D, S/P proctocolectomy. 


602 


seven of 12 patients who continue to suffer from mild 
diarrhea and colonoscopy confirmed the presence of active 
inflammation. Surveillance colonoscopy showed active 
inflammation in three patients who were clinically 
asymptomatic. Thus, only | of 12 patients suffering from 
pretransplant active CUC is free of symptoms, and has 
normal colonic mucosa. Within the symptomatic group, 
severe incapacitating post-transplant colitis required total 
proctocolectomy in two patients. Both were advised not 
to have ileoanai pull-through or reconstruction of a con- 
tinent pouch, because of concern about postoperative 
bowel complications in the immunosuppressed patient. 
One other patient developed acute cecal perforation and 
underwent emergency abdominal colectomy; the pathol- 
ogy findings demonstrated diffuse severe mucosal disease. 
Proctocolectomy was refused by a patient with severe 
clinical symptoms, and mucosal biopsies demonstrating 
areas of severe atypia and premalignant changes. The 
transplanted patients were able to tolerate large bowel re- 
sections without developing significant abdominal- or liver 
graft-related complications. There were no postoperative 
abdominal or liver-related complications in this group. 


Group IT 


Preoperative colonoscopic findings of active disease 
with no clinical symptoms was seen in two patients. After 
OLT, one patient developed clinically active disease; the 
other patient does not report any gastrointestinal symp- 
toms, but continues to have colonoscopic findings of mild 
mucosal inflammation. 


Group III 


Eleven patients did not report any pretransplant symp- 
toms of CUC, and had no evidence cf colonic mucosal 
inflammation on surveillance colonoscopy. Three patients 
in this group developed clinical symptoms and colonos- 
copy-proven CUC | to 3 years after transplantation. The 
others (8/11) do not report any colonic symptoms, and 
are not followed by routine colonoscopy. 


Group IV 


Four patients who have had proctocolectomy before 
transplantation, have no gastrointestinal complaints 
after OLT. 

Routine follow-up, including surveillance colonoscopy, 
did not detect any evidence for post-transplant colonic 
or extracolonic malignancy in patients suffering from 
long-standing CUC. 


Discussion 


The frequent association between ulcerative colitis and 
primary sclerosing cholangitis, and the higher incidence 


SHAKED AND OTHEES 


Ann. Surg. «June 1992 


of PSC among patients suffering from inflammatory bowel 
disease, suggest a linkage between the two. An attempt to 
directly implicate active colonic disease in the induction 
and progression of the liver disease, however, has met 
with same difficulties.~°’ The possible role of colonic tox- 
ins and portal colonic pathogens could not explain the 
finding of PSC in patients without clinical symptoms or 
colonoxcopic findings of mucosal pathology. Furthermore, 
total peoctocolectomy in patients with active CUC did 
not arrest the progression of PSC. 

A major critique of reports proposing that proctoco- 
lectomy does not halt the progression of PSC is that the 
patients studied already manifested severe ongoing liver 
disease. and a stimulated immune system that was op- 
erative may continue to destroy the biliary ducts despite 
removezl of the initiating factor (colon). Previous studies 
have emphasized the involvement of the immune system 
in PSC, the presence of circulating immune complexes, 
enhanced autoreactivity of CD8+ lymphocytes against 
class IT antigens, and the involvement of T cells in the 
disrup-ion of biliary epithelium.®’? More recent reports 
demonstrate the presence of shared antigenic epitopes on 
colonic and biliary epithelia, as well as antineutrophil cy- 
toplasmic antibody in the serum of patients with both 
conditions.!°!' Thus, such mechanisms may involve the 
continnous production of autoreactive antibodies against 
biliary 2pithelial antigens, even in the absence of the colon 
or rectum. Such phenomena were shown to exist for other 
autoinmmune diseases. 1? 

Ortkotopic liver transplantation presents a unique op- 
portunity to follow the fate of a normal liver graft and to 
correlace early cholangitic abnormalities with the presence 
or absence of active CUC. It should be emphasized, how- 
ever, that the relatively short-term follow-up (median, 27 
months) may not accurately reflect the incidence of re- 
currer: PSC. Furthermore, the presence of ongoing 
chron: rejection may mimic the histological and bio- 
chemical findings seen in early sclerosing cholangitis. "> 

Thiz study demonstrates that long-term graft survival 
and srnthetic function are not affected, at 1 to 3 years’ 
follow-up, by the activity of the colonic disease. In only 
one case were we able to document histologic and cholan- 
giographic evidence of recurrent sclerosing cholangitis. 
Similez findings, with only one recurrent PSC, were re- 
ported in a series of 37 patients who were transplanted 
for end-stage PSC in the Pittsburgh experience.’ A sig- 
nificant finding in our study is an elevation of alkaline 
phosphatase, at 12 and 24 months after transplantation, 
in pat.znts suffering from active CUC. This is interesting 
in view of recent descriptions of asymptomatic elevation 
of alk=line phosphatase, which were reported in 20% of 
patiems with ulcerative colitis. This was attributed to an 
ongoizg pericholangitic inflammation around the bile 
ductulzs.'*!> Although pericholangitis has been thought 
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to be innocuous, more recent findings suggest that it may 
represent an early stage of sclerosing cholangitis.'© An im- 
portant differential diagnosis is ischemic cholangiopathy 
secondary to hepatic artery thrombosis or vascular rejec- 
tion. Under such circumstances, there will be continuous 
destruction of the intrahepatic bile ducts, leading to the 
development of strictures and segmental ductal dilatation, 
and cholangiographic findings are similar to those de- 
scribed in PSC.!” All our patients underwent Duplex scan, 
however, which demonstrated the hepatic artery to be 
open. In the absence of vascular complications, the find- 
ings of elevated alkaline phosphatase in patients with ac- 
tive CUC, may be attributed to early pericholangitis. This 
findings needs long-term follow-up to determine whether 
some of these patients will develop recurrent sclerosing 
cholangitis. The elevation of this enzyme in the presence 
of active CUC, however, and not in the presence of quies- 
cent colonic disease or after colectomy, suggest some more 
direct association between the two. 

The hypothesis of the role of active CUC in the devel- 
opment of sclerosing cholangitis may lead to the question 
of whether suppression of active colonic disease will be 
associated with normalization of the alkaline phosphatase, 
and prevent late recurrence of pericholangitis and PSC. 
Previous reports demonstrated the benefit of oral pred- 
nisone, as well as cyclosporine and azathioprine, in the 
control of periodic exacerbations of CUC.'*!? This was 
not demonstrated in our series. Most of the patients who 
had preoperative active colon disease continued to suffer 
from similar symptoms, despite maintenance treatment 
with steroids, cyclosporine, and azathioprine. In addition, 
patients who had no clinical or colonoscopic evidence of 
CUC before OLT, given the time, developed active post- 
transplant colonic disease. These data suggest that the 
chronic use of immunosuppression, in the post-transplant 
period, does not alter the course of the colonic disease. 
Furthermore, the development of post-transplant ulcer- 
ative colitis in patients who had no evidence of this disease 
before transplantation suggests an even closer patho- 
physiologic relationship between PSC and CUC. The co- 
lonic disease eventually may be expressed in those whose 
death of end-stage liver disease is being prevented by OLT. 
Thus, colonic pathologies associated with post-transplant 
clinical CUC should be searched for inpatients with end- 
stage PSC but no prior evidence of CUC. 

Our observations support the hypothesis of a similar 
pathophysiologic mechanism common to both PSC and 
CUC. There may be a differential target organ expression, 
however.. Replacement of the liver does not appear to 
alter the colonic disease despite the use of cytotoxic and 
immunosuppressive agents, and those patients should be 
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monitored carefully. Although active colonic disease has 
not been demonstrated to cause development of recurrent 
PSC, the insidious rise of alkaline phosphatase seen in 
these patients may represent a harbinger for the devel- 
opment of recurrent PSC. Moreover, it may support the 
hypothesis that colonic factors are involved in the induc- 
tion or propagation of the liver disease. Longer follow-up 
is needed to confirm these findings. 


References 


1. Lindor KD, Wiesner RH, MacCarty RL, et al. Advances in primary 
sclerosing cholangitis. Am J Med 1990; 89:73-80. 

2. LaRusso NF, Wiesner RH, Ludwig J. MacCarty RL. Current con- 
cepts primary sclerosing cholangitis. N Eng] J Med 1984; 310: 
899-903. 

3. Eade MN, Cooke WT, Brooke BN. Liver disease in ulcerative colitis. 
Il: Long term effect of colectomy. Am Intern Med 1970; 72:489- 

~ 497. r 

4. Wood RAB, Cuscheri A. Is sclerosing cholangitis complicating ul- 
cerative colitis a reversible condition? Lancet 1980; ii:716-718. 

5. Cangemi JR, Wiesner RH, Beaver SJ, et al. Effects of proctolectomy 
for chronic ulcerative colitis on the natural history of primary 
sclerosing cholangitis. Gastroenterology 1989; 96:790-794. 

6. Rabinovitz M, Gavaler JS, Scade RR, et al. Does primary sclerosing 
cholangitis occur in association with inflammatory bowel disease 
differ from that occurring in the absence of inflammatory bowel 
disease? A study of six subjects. Hepatology 1990; 11:7-11. 

7. Chapman RWG, Marborgh BAM, Rhodaes JM, et al. Primary scle- 
rosing cholangitis: a review of its clinical features, cholangiog- 
raphy, and hepatic histology. Gut 1980; 21:870-877. 

8. Lindor KD, Wiesner RH, LaRusso NF, Homburger HA. Enhanced 
autoreactivity of T-lymphocytes in primary sclerosing cholangitis. 
Hepatology 1987; 7:884-888. 

9. Minuk GY, Angus M, Brickman CM, et al. Abnormal clearance of 
immune complexes from the circulation of patients with primary 
sclerosing cholangitis. Gastroenterology 1985; 88:166-170. 

10. Das KM, Vecchi M, Sakamaki S. A shared and unique epitope (s) 
in human colon, skin and biliary epithelium detected by a mono- 
clonal antibody. Gastroenterology 1990; 98:464-469. 

11. Duerr RH, Targam SR, Landers GJ, et al. Neutrophil cytoplasmic 
antibodies: a link between primary sclerosing cholangitis and ul- 
cerative colitis. Gastroenterology 1991; 100:1385-1391. 

12. Shoenfeld Y, Isenberg D. The mosaic of autoimmunity (the factors 
associated with autoimmune disease): infection and autoim- 
munity. Jn Turk JL, ed. Research Monographs in Immunology. 
New York: Elsevier, 1989; 12:343-366. 

13. Marsh JW, Iwatsuki S, Makowa L, et al. Orthotopic liver trans- 
plantation for primary sclerosing cholangitis. Am Surg 1988: 207: 
21-25. 

14. Dordal E, Glagov S, Kirsner JB. Hepatic lesions in chronic inflam- 
matory bowel disease. I: Clinical correlation with liver biopsy in 
103 patients. Gastroenterology 1967; 52:239-253. 

15. Misilitis SP, Skyring AP, Goulson SJM. Pericholangitis and ulcerative 
colitis. I: Clinical aspects. Am Intern Med 1965; 63:17-26. 

16. Podolsky DK. Inflammatory bowel disease. N Engl J Med 1991; 
325:1008-1016. 

17. Zajko AB, Campbell WL, Logsdon GA, et al. Cholangiographic 
findings in hepatic artery occlusion after liver transplantation. 
American Journal of Radiology 1987; 149:485—-489. 

18. Lennard-Jones JE. Toward optimal use of corticosteroids in ulcerative 
colitis and Crohn’s disease. Gut 1983; 24:177-181. 

19. Lichtiger S, Present DH: Preliminary report: cyclosporine in treat- 
ment of severe active ulcerative colitis. Lancet 1990; 330:16-19. 


604 
DISCUSSION 


Dr. HENRY Pitt (Baltimore, Maryland): My first question relates to 
how the diagnosis of ulcerative colitis was documented. Patients with 
sclerosing cholangitis often have diarrhea and sometimes have steatorrhea 
due, in part, to a deficiency of bile salts and, in some patients, to associated 
chronic pancreatitis. The 81% incidence of ulcerative colitis in your pa- 
tients with sclerosing cholangitis is somewhat higher than in most series. 
You have provided information on colonoscopy and biopsy, but my 
question is whether patients who are clinically and biopsy negative really 
have ulcerative colitis? 

My second question deals with the development of cholangiocarci- 
noma. In most series of patients with sclerosing cholangitis coming to 
reconstructive surgery or transplantation, approximately 10% will have 
an associated cholangiocarcinoma. In your series, only 1 of 40 patients 
had cholangiocarcinoma, which is a lower incidence than tn the transplant 
series from Pittsburgh or the reconstructive series from Johns Hopkins. 
Did you have any other cholangiocarcinomas that were incidental findings 
in the hepatectomy specimens? 

Liver transplantation in patients with sclerosing cholangitis is said to 
be difficult because of problems with ongoing sepsis, prior biliary tract 
surgery or, in patients with ulcerative colitis, prior colonic surgery. Have 
you analyzed the influence of prior biliary or colonic surgery on operative 
time, blood loss, or postoperative complications in your patients with 
sclerosing cholangitis? Moreover, you stated that there were no operative 
deaths among these patients. How do morbidity and mortality in patients 
with sclerosing cholangitis differ from your series as a whole? Is it really 
more difficult to transplant patients with sclerosing cholangitis who have 
had prior surgery? 

Another important issue in liver transplantation is whether the disease 
for which the transplant is being performed will recur. Sclerosing chol- 
angitis probably has multiple etiologies. However, in patients with as- 
sociated ulcerative colitis, one predominant theory is that an autoimmune 
disorder affects both the bile ducts and the colon. As a result, immu- 
nosuppression therapy has been recommended both for patients with 
sclerosing cholangitis and for those with ulcerative colitis. Would you 
comment, therefore, on the possible role of your posttransplant triple- 
drug immunosuppressive therapy on the bile ducts and colon? Please 
also comment on the incidence of early rejection, late rejection, and the 
one patient with the vanishing bile duct syndrome who may have been 
a recurrence. 

Finally, I am interested in the long-term follow-up of your patients. 
How does the 76% 5-year survival in your patients with sclerosing chol- 
angitis compare with the survival of your other patients with benign 
disease? This question again relates to whether patients with sclerosing 
cholangitis undergoing prior biliary surgery are at higher risk. We have 
previously presented to this Association a similar number of patients 
with sclerosing cholangitis with dominant extrahepatic strictures managed 
with hepaticojejunostomy and long-term stenting. In 31 noncirrhotic 
- patients who, by the Mayo model, might have had an expected 5-year 
survival of 20%, we now have a similar 75% 5-year survival. Thus, we 
still believe that a biliary bypass procedure is indicated in carefully selected 
noncirrhotic patients with mainly extrahepatic disease. Would you com- 
ment on the role of reconstructive surgery and how your results were 
influenced by these operations? 


Dr. GIL DIETHELM (Birmingham, Alabama): Dr. Britt, Dr. Jones, 
Members and Guests, Dr. Busuttil and colleagues have addressed the 
intriguing question regarding the interrelations between sclerosing chol- 
angitis and ulcerative colitis. They have used the clinical findings in the 
postoperative management of these patients to assess whether or not the 
disease recurs. 

Really the broad question here is whether or not the primary disease 
recurs in the recipient liver. If so, why? And what are the factors that 
lead to that? There has been considerable discussion, interest, and review 
of patients undergoing renal transplantation with recurrent disease, and 
it might be worthwhile to think about that. First of all, we know that 
lupus nephritis in an active phase can be transplanted to the recipient 
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kidney. It occurs rarely, but has been reported. Wegener’s granulomatosis, 
the same thing. Diabetes is a little different subject, but has been known 
as a recurrent disease. So regarding the question of whether or not re- 
current disease exists, clearly, the answer is yes. Perhaps the best example 
of recurrent disease was described tn the late 1950s by Drs. Merill and 
Murray at the Brigham, and Professor Hamburger in Paris. Both of them 
noted and conclusively determined that nephritis can be transmitted to 
the recipient patient, and this occurred in the identical twin; therefore, 
rejection was not a problem. Thus, recurrent disease occurs, and we 
know about that history. 

The question today is a little more complicated, and that is, whether 
chronic ulcerative colitis causes the disease in the liver, whether the liver 
itself has any relationship to the disease in the colon; perhaps neither 
are true. Perhaps there is another disease that affects both the liver and 
the colon, and Dr. Busuttil addressed this early on in his discussion 
about shared epitopes between the epithelia of the colon and the bile 
duct. 

I think the question of whether or not an elevated alkaline phosphatase 
is evidence of recurrent disease is a little bit problematic. It will take 
several] more years, perhaps 5 to 10, to determine whether or not that 1s 
truly the case. I think it is a little bit surprising and gratifying that recurrent 
disease has not been documented thus far, and that certainly might be 
what one would suspect because there is little evidence, at least as of ` 
now, that the primary disease is immunologic in origin, although it is 
an attractive hypothesis. 

I have several questions, and I would like to raise them for Dr. Busuttil. 
First of all, we have discussed the immunologic background for the cause 
of the two diseases, and I would like your thoughts on that. And, secondly, 
l really wonder if the disease that we have described in the colon is always 
related to the liver. You have told us that it happens tn only 70% of the 
cases, s9 30% of the patients with chronic ulcerative colitis do not get 
liver disease. So it is not exactly that the two go together. 

Again, I would like to thank Dr. Busuttil for the opportunity to discuss 
the paper. I would like to emphasize the importance of the concept of 
recurrent disease, and I would like to take the optimistic approach that, 
thus far, the data support the fact that there is no strong evidence for 
recurrent disease in the excellent series presented today. Thank you. 


DR. RONALD W. BUSUTTIL (Closing discussion): I would like to thank 
both of the discussants for their comments and their questions. Dr. Pitt, 
it is true that our 81% incidence of ulcerative colitis in patients with 
primary sclerosing cholangitis is higher than is reported, but it is not that 
much higher. If you look at the Mayo Clinic series, it is about 70%, so 
I think we are probably in the ballpark. 

Why 30%, Dr. Diethelm, do not develop it, I do not know. Peraaps 
they diz of their primary sclerosing cholangitis, and we do not see the 
development of ulcerative colitis in those patients. But I think liver 
transplantation is going to save those patients from dying of liver disease, 
with longer follow-up to determine whether they will develop the chronic 
ulcerative colitis. 

Dr. Pitt, our incidence of cholangiocarcinoma in patients that are 
referred for liver transplantation for sclerosing cholangitis is between 
10% ard 11%. We had two incidental tumors that we did go ahead and 
transplant. The other patients had overt cholangiocarcinoma plus scle- 
rosing cholangitis and, therefore, were omitted from this analysis because 
we could not compare them. 

With regard to prior surgery, one third of the patients that we transplant 
for sclerosing cholangitis have major biliary reconstructive surgery. 
Twenty-five per cent have prior cholecystectomy. Has this affected our 
operative mortality rate? Our overall operative mortality rate in 850 
cases i5 four deaths, so it obviously has not. Why doesn’t immuno- 
suppression work? I do not know, but it does not work, and that also 
has been studied. The Mayo Clinic has done a trial looking at steroids, 
and it has not worked in ulcerative colitis or in primary sclerosing chol- 
angitis. There have been some preliminary studies with cyclosporine, 
and they have not worked. I personally do not think that immuno- 
suppression alters the natural history of this disease because I do not 
think you can give a more potent immunosuppression than we are giving 
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them. We are giving them triple, and some of these patients will get 
quadruple, immunosuppressant therapy, and it does not seem to alter 
the natural history of the disease. We have not seen vanishing biie duct 
syndrome in our group of patients with sclerosing cholangitis. I believe 
that this patient that we showed very well may have recurrent primarv 
sclerosing cholangitis. He specifically did not have vanishing bile ducts 
because, if you look at other sections, his bile ducts were perfectly intact 
except for the slow reaction. 

You wanted to know if the survival in this group of patients is different 
from survival of all of our other patients. Our 5-year survival for our 
entire series of patients for benign disease is exactly what you see here, 
76%. So it is really the same. 

You talked about biliary bypass. We differ with you a bit regarding 
advocating biliary reconstruction for these patients. It depends on whether 
the patients initially get referred to the general surgical service or whether 
they get referred to our liver service. Our algorithm is as follows: If we 
have a patient that has diffuse disease, we recommend that that patient 
have transplantation right off the bat. If the patient has a dcminant 
stricture, we believe that that patient should have balloon dilatation. If 
the balloon dilatation is not successful, and it is only extrahepatic disease, 
we would not have any problem with doing one operation on the patient. 


SCLEROSING CHOLANGITIS AND ULCERATIVE COLITIS 


605 


We do not believe that the use of long-term stents adds anything to these 
patients because they get cholangitis, they become septic, and it adds to 
the postoperative complications. We believe that in the 25% of patients 
with sclerosing cholangitis that have documented gallstones, we would 
not hesitate to remove the gallbladder and then just watch those patients 
until they develop absolute indication for liver transplantation. 

Dr. Diethelm, does the disease recur? 1 think it probably will recur, 
and I think that as we follow these patients for a longer time we probably 
will see more recurrences. This is not new with liver transplantation. 
With primary biliary cirrhosis (PBC), it was thought that the disease 
recurred, and there probably is a very, very small subset of patients that 
have recurrence for PBC; however, when we look at those patients crit- 
ically, as was done by Roy Calne and his group, it was not recurrent 
PBC, but chronic rejection they were seeing. And I think that is very 
dificult sometimes to distinguish. 

Regarding the increased alkaline phosphatase, I agree with you. It is 
too early to tell whether this will be a specific marker, but I think it goes 
along with what we already know. That 20% of patients who have chronic _ 
ulcerative colitis and no overt evidence of liver disease have elevated 
alkaline phosphatase. And this has been associated with a pericholangitis. 
I would like to thank all of the discussants for their comments. 
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Eight hundred fifty-five living related donor transplant recipients 
were analyzed according to 15 potential risk factors with regard 
to patient and graft survival according to immunosuppression. 
Group I, 1968 to 1983, (n = 440 patients) received azathioprine 
and prednisone; group II, 1984 to 1987, (n = 229 patients) re- 
ceived triple therapy— azathioprine, prednisone, and cyclospo- 
rine; and group III, 1988-1991, (n = 186 patients), quadruple 
therapy—azathioprine, prednisone, cyclosporine, and Minnesota 
antilymphocyte globulin. Three important risk factors included 
immunosuppression, tissue typing, and race. Groups II and III 
had improved allograft survival over group I (p = 0.03). Patients 
with two haplotype matches had similar survival in all three 
groups. Kidney survival in one-haplotype—matched recipients 
improved in group II and was equal to that of the two-haplotype— 
matched patients in group III. Cyclosporine improved allograft 
survival in both races when combined with azathioprine and 
prednisone. Quadruple therapy improved early survival in one- 
haplotype black patients, even though long-term results remained 
better in whites. Cyclosporine did not improve graft survival in 
two-haplotype recipients. The addition of cyclosporine and 
quadruple therapy did not increase morbidity and mortality rates. 


HE ADDITION OF cyclosporine to the immuno- 

suppressive regimen of patients undergoing ca- 

daveric renal transplantation has been of sub- 
stantial benefit to the prolongation of allograft and patient 
survival. The use of cyclosporine in patients receiving liv- 
ing related donor kidneys suggested by Flechner et al.’ in 
1984 in a series of patients, including both human leu- 
kocyte antigen and haploidentical recipients, suggested 
that cyclosporine was steroid sparing, diminished the fre- 
quency of rejection, and was equal to the use of donor- 
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specific blood transfusions. Because of the concerns re- 
garding the nephrotoxicity of cyclosporine, many centers 
were cautious about including this drug in the immuno- 
suppressive management of the living related donor re- 
cipient, anticipating that long-term renal injury might oc- 
cur. Payne et al.,? Sollinger et al.,? and Deierhoi et al.* 
suggested the addition of Minnesota antilymphocyte 
globulin. to cyclosporine, azathioprine, and prednisone 
and used the term quadruple or sequential therapy for 
recipients of cadaveric kidneys. The data of Flechner et 
al.! were supported by subsequent studies of Hodge et 
al.,° using third-party transfusions with cyclosporine. Al- 
brechtsen et al.,° in a prospective trial of cyclosporine and 
prednisone versus azathioprine-antilymphocyte globulin 
in renal allograft recipients of living related donor kidneys, 
noted similar results in both groups, but the steroid-spar- 
ing effect was obvious in the cyclosporine group. 

Comparing the clinical outcome of patient and allograft 
survival with various regimens of immunosuppressive 
therapy in recipients of cadaveric patients is complicated 
by various factors, including source of donor kidney, 
method nd duration of preservation, race, primary dis- 
ease, tissue typing, current and peak panel-reactive anti- 
body (PRA), and number of transplants. The use of living 
related cne- and two-haplotype—matched recipients in- 
cludes the benefit of a controlled genetic relationship be- 
tween the donor and recipient, and therefore the inter- 
pretation of graft survival should allow a more accurate 
appraisal >f the immunosuppressive therapy used in each 
study group. 

This study is a retrospective analysis of 855 renal trans- 
plant procedures in 812 patients receiving one- and two- 
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haplotype~matched recipients from living related donors 
from 1968 to 1991. The patients were divided into three 
groups comparing the effect of various regimens of im- 
munosuppressive therapy on graft and patient survival 
and cause of death. 


Materials and Methods 
Clinical Material 


This study includes 855 living related transplant op- 
erations in 812 patients from 1968 to 1991, analyzing 15 
potential risk factors and their interactions. These risk 
factors include age, sex, race, donor age and sex, haplotype 
match, antigen match, peak and current PRA, donor re- 
lationship, immunosuppressive therapy, donor-specific 
blood transfusions, recipient renal disease, year of trans- 
plant, and number of retransplants (Table 1). Six hundred 
fifty-four patients were white and 201 black. Ages ranged 
from 10 to 67 years. There were 513 male and 342 female 
patients. All patients were transplanted at a single center 
and received post-transplant follow-up by the center 
transplant surgeons and nephrologists and by their refer- 
ring nephrologist. Eight hundred nine patients received 
primary transplants, and 46 patients were transplanted 
more than once. The causes of renal failure are outlined 
in Table 2. 

The patients were divided into three groups, depending 
on the immunosuppressive therapy administered: group 
I, 1968 to 1983 (440 transplants), received azathioprine 
and prednisone. Group I, 1984 to 1987 (229 transplants), 
received azathioprine, prednisone, and cyclosporine. 
Group II, 1988 to 1991 (186 transplants), received aza- 
thioprine, prednisone, cyclosporine, and Minnesoté an- 
tilymphocyte globulin for one-haplotype patients. Two- 
haplotype—matched recipients received the same treat- 
ment as group II. 

The initial azathioprine dosage was 4 to 5 mg/kg/day 
and tapered to 100 to 125 mg/day. The initial prednisone 
dose in groups I and II was 4 to 5 mg/kg/day, with a taper 


TABLE 1. Potential Risk Factors 


Immunosuppressive therapy 
Recipient race 

Haplotype match 

Renal disease 

Donor age 

Recipient age 

Donor sex 

Recipient sex 

Relationship of donor 

Antigen match 

Peak panel-reactive antibody 
Current panel-reactive antibody 
Donor-specific blood transfusions 
Year of transplant 

Number of retransplants 
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TABLE 2. Renal Disease 


Disease Frequency % 
GN 338 40.0 
Diabetes {29 15.0 
Unknown/other 95 11.0 
Tubular interstitial ; 94 11.0 
Vascular 81 9.0 
Hereditary 80 9.0 
Collagen~ Vascular 31 4.0 
Acquired 7 1.0 


to 30 mg/day at 1 month and 15 mg/day at 6 months. In 
group II, cyclosporine was started at 10 mg/kg by the oral 
route, when the serum creatinine was less than 3 mg/dL, 
with blood levels ranging between 125 and 250 ng/mL 
by radioimmunoassay (Sandoz Pharmaceuticals, East 
Hanover, NJ). The usual cyclosporine dosage 30 days after 
operation ranged between 3 and 8 mg/kg, with a serum 
level of 125 to 250 ng/mL. Occasionally cyclosporine was 
administered by the intravenous route at one-third the 
oral dosage. In group III, the azathioprine dosage was 
similar to that of groups I and II. The starting prednisone 
dosage in this group was 30 mg/day and reduced to 15 
mg/day at 30 days and to 10 mg/day between 30 and 90 
days after operation. Minnesota antilymphocyte globulin 
was administered (intravenously) for 3 to 8 days, begin- 
ning on the day of operation. The initial dose was 10 mg/ 
kg and 20 mg/kg/day thereafter intravenously for 5 to 7 
days. The duration of Minnesota antilymphocyte globulin 
was determined by the serum creatinine, and the Min- 
nesota antilymphocyte globulin was discontinued when 
the serum creatinine was less than 3 mg/dL, at which 
time cyclosporine was started. 

Histocompatibility matching with human leukocyte 
antigen typing was performed in all patients. Blank donor/ 
recipient antigens were not counted as a match when cal- 
culating the number of matched HLA—A, B, or DR an- 
tigens. Panel-reactive antibody determinations were per- 
formed using the Amos Mod Wash complement-depen- 
dent cytotoxicity assay. The cell panel consisted of 42 
cells selected to cover as many known human leukocyte 
antigen phenotypes as possible. Cytotoxicity cross- 
matches were performed using historical and day-before- 
transplant sera. The cross-match profile used from 1968 
through February 1989 consisted of Amos Mod Wash, 3- 
Wash, and extended incubation assays using mixed lym- 
phocytes. The profile used from March 1989 to 1991 in- 
cluded split T and B cell cross-matches performed by both 
complement-dependent cytotoxicity and flow cytometry. 
The peak PRA was significantly higher in groups II and 
HI with a maximum PRA of 100% (all patients had a 
negative cross-match at time of transplant). The cur- 
rent PRA in groups H and III are much higher than in 
group I. 
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After all data were verified, characteristics of the groups 
were compared by using chi square test and t test. Actu- 
arial analysis of survival was accomplished by the Kaplan- 
Meier method, with the Gehan-Wilcoxon technique pro- 
viding the p value for stratified curve comparison. A sur- 
vivorship and a hazard function (the instantaneous risk 
in patients not yet experiencing graft loss) as a time-related 
event was determined by the parametric model of Black- 
stone, Naftel, and Turner.’ The model identified an early 
(0 to 6 months) and constant phase. The incremental risk 
factors for graft loss were determined for each phase. The 
constant phase begins at time 0. Its effect becomes rela- 
tively important after the early phase diminishes at about 
6 months. Variables were considered important only if 
their p value was less than 0.05. All confidence limits 
were expressed as 70%. Graft loss was considered to be at 
the time of nephrectomy, return to dialysis, or death if 
the graft was functioning. There were no exclusions for 
technical or nonimmunologic failures. All patients were 
followed for 3 months after graft loss to determine mor- 
tality rate. 

The diagnosis of rejection was established by the clinical 
signs of fever, graft enlargement, and renal tenderness 
combined with the laboratory evidence of an increase in 
serum creatinine and blood urea nitrogen. This infor- 
mation was combined with evidence of rejection by renal 
scintigraphy, including a decrease in the effective renal 
plasma flow. Renal biopsy was used for confirmation if 
the diagnosis was in question. Allograft rejection was 
treated by daily administration of 1 g methyl prednisone 
intravenously for 3 days with or without an increase in 
oral steroids to 5 mg/kg/day and rapid reduction to a 
level of 30 mg/day in 7 to 10 days from onset of treatment. 
Few patients in the first postoperative year received more 
than two treatments for rejection. If reversal was not 
achieved after the first treatment, OK T3 monoclonal an- 
tibody was usually used in place of a second steroid bolus 
. aS a means of rescue therapy in groups II and III. OKT3 
treatment included a dosage of 5 mg/day intravenously 
‘for 10 to 14 days until reversal of rejection was achieved. 

During OKT3 treatment, cyclosporine was reduced to 5 
mg/kg or less and azathioprine decreased to 25 mg/day. 
Prednisone was continued at 30 mg/day. 

The three groups were compared for demographic 
characteristics with no differences found by race, sex, or 
donor sex. There were more diabetic recipients in groups 
II and HI compared with group I (p = 0.001) and more 
two-haplotype—matched patients in group I (p = 0.01). 
Almost all patients receiving donor-specific blood trans- 
fusions were in group II. The recipient ages were older in 
groups II and III than in group I (p < 0.06). Seven hundred 
fifteen donor patients were contacted by questionnaire, 
of whom 409 (57%) responded. One hundred twenty-one 
patients returned for examination. 


DIETHELM AND OTHERS 


Ann. Surg. « June 1992 


Results 


The mean graft survival of the 855 operations was 5 
years 3 months, with a minimum of 3 months’ follow-up 
for furctioning grafts and a maximum follow-up of 22 
years. 


Patien? and Graft Survival by Kaplan-Meier Analysis 


Groip I—1968 to 1983 (440 transplants)—received 
azathioprine and prednisone as immunosuppressive ther- 
apy (mean graft survival 7 years 5 months). The overall 
allograft survival at 1, 5, and 10 years was 83%, 65%, and 
51%, respectively (Fig. 1). Two-haplotype—matched re- 
cipients had 1-, 5-, and 10-year graft survival of 91%, 80%, 
and 64%, and one-haplotype—matched recipients had graft 
survival of 79%, 58%, and 44%. There was no significant 
difference in allograft survival between the black and white 
races. The overall patient survival at 1, 5, and 10 years 
was 9€%, 89%, and 80% (Fig. 2). Patient survival in two- 
haplotype—matched recipients at 1, 5, and 10 years after 
transp_antation was 98%, 92%, and.81% (Fig. 3), and in 
one-heplotype recipients at the same time interval was 
95%, &8%, and 80% (Fig. 4). 

Group II—1984 to 1987 (229 transplants)—received 
azathioprine, prednisone, and cyclosporine as immuno- 
suppressive therapy (mean graft survival, 4 years 2 
montks). The overall 1-, 2-, and 5-year graft survival was 
90%, 5%, and 73%, respectively (Fig. 1). White recipients 
had better graft survival than blacks (p = 0.0008), with 
the difference in graft survival increasing after 3 months 
(Fig. =). White/black graft survival at 1, 2, and 5 years 
was 92%/81% at 1 year, 88%/74% at 2 years, and 78%/ 
59% a. 5 years. The predominant difference in graft sur- 
vival tetween the two races was in the one-haplotype pa- 
tient (p = 0.003), the black one-haplotype recipient with 
a functioning graft had 79% 1-year survival (Fig. 6) com- 
pared with the white one-haplotype recipient (Fig. 7) of 
92%. Two-haplotype~matched white and black recipients 
had simular results. The overall patient survival at 1 and 
5 years was 97% and 93% (Fig. 2). The patient survival 
in one-haplotype recipients at the same time interval was 
97% and 93% (Fig. 4), and in two haplotype recipients 
was 100% and 96% (Fig. 3). 

Grcup IH— 1988 to 1991 (186 transplants)—with a 
mean 2raft survival of 1 year 5 months received azathio- 
prine, prednisone, cyclosporine, and Minnesota antilym- 
phocy-e globulin (quadruple therapy). The overall graft 
survival at 1 year was 88%, and at 2 years was 83% (Fig. 
1). There was no significant difference in graft survival 
between the two races (Fig. 8). When the one-haplotype 
recipient in each race was compared with groups I, H, 
and I, the blacks in group IJ showed little benefit with 
the addition of cyclosporine compared with the white re- 
cipient. In group III, the white recipient demonstrated no 


Vol, 215 - No. 6 


% Survival 


improvement with the addition of Minnesota antilym- 
phocyte globulin. The black recipient showed improved 
graft survival with Minnesota antilymphocyte globulin 
but not equal to that of the white recipient (Figs. 6 and 
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FIG. 2. Overall patient survival at 1, 5, and 10 years. 
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7). The overall patient survival at 1 and 3 years was 97% 
and 97% (Fig. 2). The patient survival in one-haplotype 
recipients at the same time interval was 99% and 99% 
(Fig. 4), and in two-haplotype recipients was 92% and 
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92% (Fig. 3). A comparison of allograft survival in recip- 
ients of living related donor and cadaveric kidneys (n 
= 551) during 1988-1991 confirms the benefits of living 
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88% and 68%/83%, respectively. 
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FIG. 4. One-haplotype-matched patient survival compared by era showed a significant improvement between groups I and III. 
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FIG. 5. Group II separated by race shows marked improvement in allograft survival in the white patients compared with black patients. 
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significant risk factors were the one-haplotype-matched 
recipient (p = 0.05), black race (p = 0.0008), diabetic (p 
= 0.01) and increasing donor age (p = 0.002). To study 
the effect of cyclosporine and race, the parametric model 


The parametric analysis was used to examine concom-` 
itant risk factors noted in the early phase, included the 
absence of cyclosporine (p = 0.002) and one-haplotype— 
matched recipients (p = 0.01). In the constant phase, the 
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Fic. 6. One-haplotype-matched black patients in group III showed improvement in allograft survival compared with groups I and II, but the difference 
was not statistically significant. 
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Fic. 7. One-haplotype-matched white patients in groups II and III showed significant improvement in allograft survival óver patients in group I. 


was applied to a one-haplotype, nondiabetic patient re- 
ceiving a kidney from a 37-year-old donor. The use of 
cyclosporine improved allograft survival in the early phase 
(first 6 months) in both races (p = 0.002). The constant 
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phase became dominant at 6 months, at which time the 
blacks were at greater risk of graft loss (p = 0.0008). Figure 
9 shows the hazard function. Table 3 shows the predicted 
allograft survival and the effect of cyclosporine and race. 
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Fic. 8. No difference was found in overall allograft survival between the two races in group III, suggesting that black recipients had improved graft 
survival with the addition of quadruple therapy. 
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Fic. 9. The hazard function by parametric analysis for black and white 
patients shows the beneficial effect of cyclosporine. 


Parametric analysis compared tissue typing and cyclo- 
sporine and showed a beneficial effect by decreasing the 
risk for graft loss in both one- and two-haplotype—matched 
recipients. This effect was not found in the Kaplan-Meier 
analysis of the two-haplotype—matched patient. The two- 
haplotype-matched recipient was at less risk in both the 
early (p = 0.01) and constant phase (p = 0.05) (Fig. 10). 
The predicted allograft survival is shown in Table 4. Para- 
metric analysis of all patients showed those with diabetes 
to be at greater risk in the constant phase (p = 0.01), as 
described in Figure 11 with a predicted allograft survival 
demonstrated in Table 5. Although donor-specific blood 
transfusion protocol improved allograft survival in the 
early phase, even when cyclosporine was administered, 
the improvement was not significant (p = 0.06). 


Donor Follow-up 


Four hundred nine of 715 donor patients (57%) con- 
tacted by questionnaire responded. There were nc post- 
operative deaths within the first 6 postoperative months 
and no major complications in any of the 855 living re- 
lated donors. In no instance did the operation contribute 
to the death of the donor. One patient was known to have 
developed end-stage renal disease 10 years after donor 
nephrectomy and required a transplant. One hundred 


TABLE 3. Predicted Survival: Effect of CsA and Race 


Black White 
Months After a aaa ae eS 
Transplantation No CsA CsA No CsA CsA 
I 93% 97% 93% 97% 
3 86% 93% 86% 94% 
6 83% 91% 84% 92% 
i2 79% 87% 81% 90% 
24 72% 80% 717% 85% 
60 56% 62% 66% 73% 


| haplotype match, nondiabetic, donor age =37 yr. 
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FIG. 10. Parametric analysis of one- and two-haplotype—matched recip- 
ients showed the effect of both typing and cyclosporine on instantaneous 
graft loss, 


twenty-one patients underwent a detailed postoperative 
examination, of whom 24% were black. The 121 donors 
were divided into groups according to the date of donor 
nephrectomy: group A 1968 to 1973 (n = 20), group B 
1974 to 1978 (n = 25), group C 1979 to 1983 (n = 31), 
group D 1984 to 1988 (n = 45). There were no differences 
among the groups in respect to age, sex, race, mean arterial 
pressure (MAP), BUN, serum creatinine, proteinuria and 
estimated renal plasma flow at time of donation. On follow 
up there were no differences among the groups in respect 
to creatinine, blood urea nitrogen, glomerular filtration 
rate, proteinuria, or estimated renal plasma flow. Although 
the current MAP in Group A was greater than that of 
Group D (p = 0.05), the increase over time in the mean 
arterial pressure in Group A reflects a change consistent 
with an aging population. Black living related donors with 
a strong family history of hypertension had no greater 
increase in MAP than white living related donors during 
the follow-up period. 


Cause of Recipient Death 
` There were 108 deaths in 812 patients undergoing 855 


transplant operations (13%) with a maximum follow-up 
of 22 years. The average survival of those patients who 


TABLE 4. Predicted Survival: Effect of Haplotype Match and CsA 


2 Haplotype 


1 Haplotype Match Matches 
Months After rt a ape Stee 
Transplantation No CsA CsA No CsA CsA 
l 93% 97% 97% 99% 
3 86% 94% 94% 97% 
6 84% 92% 92% 96% 
Ws 81% 90% 91% 94% 
24 717% 85% 87% 91% 
60 66% 73% 78% 81% 


White, nondiabetic, donor age = 37 yr. 
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FiG. 11. The risks of allograft loss in diabetic vs. nondiabetic patients 
was examined with parametric analysis. There was no difference in the 
early phase, but decreased risk was seen for nondiabetic patients in the 
constant phase. 


died was 5 years. The cause of death 1s noted in Table 6. 
Twenty-three deaths occurred overall in the first 6 months 
after transplantation (3%), 15 of which occurred in the 
first 3 months (2%). Eighty-five of the 108 deaths occurred 
after 6 months. The time of death was related to the origin. 
Fifteen patients who died of carcinoma, all with a func- 
tioning graft, had an average survival of 8 years 10 months. 
Cardiac deaths occurred in 26 patients, and all but two 
had a functioning graft, with an average survival of 6 years 
7 months (only three died within 6 months). Ten of the 
26 patients with cardiac deaths had diabetes. Two of seven 
patients with a cerebrovascular accident died within 6 
months. Fifteen patients died of infection, with a mean 
survival of 2 years 3 months, six of whom died in the first 
6 months. Sixteen patients died of septicemia, with four 
deaths in the first 6 months. In group I (n = 418), there 
were 89 deaths, of which 19 (5%) occurred in the first 
year. In group II (n = 218), there were 15 deaths, of which 
seven (3%) occurred in the first year. In group III (n 
= |76), there were four deaths (2%), of which all occurred 
in the first year. Sixty-six patients had less than 1 year 
follow-up. l 


Cause of Graft Loss 


Early graft loss due to rejection in the first postoperative 
year included 122 transplants, of whom 82 (67%) lost the 


TABLE 5. Predicted Survival: Effect of Diabetes 


Months After Transplantation Diabetic Nondiabetic 
l 97% 97% 
3 93% 94% 
6 91% 92% 
12 87% 90% 
24 80% 85% 
60 63% 73% 


CsA, white, | haplotype match, donor age = 37 yr. 
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TABLE 6. Cause of Death (n = 108) 


Cause of Death Frequency 
Cardiac 26 (24%) 
S2pticimia 16 (15%) 
Carcinoma 15 (14%) 
Infection 15 (14%) 
Unknown 14 (13%) 
Cerebrovascular accident 7 (6%) 
‘Trauma 4 (4%) 
Gastrointestinal bleed 2 (2%) 
Leukoencephalopathy 2 (2%) 
Liver failure 2 (2%) 
Fancreatitis 2 (2%) 
Vascular 2 (2%) 
Fulmonary emboli 1 (0%) 


kidney -n the first 3 months. Sixty-seven of the 122 trans- 
plants (55%) failed in the first year because of acute re- 
jection. Nineteen other kidneys failed because of chronic 
rejection and 20 patients died of other reasons with a 
functioning graft. The other 16 patients had graft loss to 
other reasons (Table 7). 


Discussion 


Cyclosporine has had a major impact on preventing 
allograft rejection and therefore prolonging graft survival 
in the recipient of cadaveric organs. This drug was found 
to be especially valuable when combined with azathio- 
prine and prednisone as triple-drug therapy. The addition 
of Mirmnesota antilymphocyte globulin to triple-drug 
management as induction therapy for cadaveric recipients 
(quadruple therapy) avoided the nephrotoxic effects of 
cyclosporine and provided additional therapeutic coverage 
until satisfactory blood levels occurred.? The 1-year ca- 
daveric kidney allograft survival now ranges from 75% to 
90%, providing a 15% to 20% improvement before the 
introduction of cyclosporine. The data from the 812 pa- 
tients with 855 transplants in this study examines the 
questioa of whether or not cyclosporine improved allo- 
graft survival in recipients of a living related graft, and if 


TABLE 7. Cause of Graft Loss in the First 
Postoperative Year (n = 122) 


Cause Frequency 
Acute rejection 67 (55%) 
Death with functioning graft 20 (16%) 
Chronic rejection 19 (16%) 
“rterial thrombosis 4 (3%) 
Fecurrent renal disease 4 (3%) 
Hyperacute rejection 3 (2%) 
Acute tubular necrosis 1 (1%) 
Arterial occlusion 1 (1%) 
Infection 1 (1%) 
Fenal artery stenosis 1 (1%) 


Ureteral necrosis 1 (1%) 
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so, was the effect similar in the one- and two-haplotype- 
matched patient. It is equally important to determine 
whether or not long-term cyclosporine nephrotoxicity oc- 
curred and had a negative impact on long-term graft sur-. 
vival. The data in this analysis showed no evidence that 
long-term cyclosporine was deleterious to renal function; 
however, frequent dosage adjustments were required ac- 
cording to blood levels. These findings were similar to 
those observed by others.*-!° 

The 440 transplant operations in group I were com- 
pared with the 229 transplants in group II, and the results 
support the positive influence of cyclosporine when com- 
bined with azathioprine and prednisone on prevention of 
graft rejection (Fig. 1). The improvement in overall graft 
survival in group I compared with group II was 83% to 
90%, respectively (p = 0.02). The addition of Minnesota 
antilymphocyte globulin to triple-drug therapy (quadruple 
therapy) in group III did not improve the overall graft 
survival. When the patients in groups II and III were sub- 
divided according to one- and two-haplotype matches, 
the two-haplotype-matched group showed little im- 
provement, recognizing the patient numbers were small, 
whereas graft survival in the one-haplotype—matched re- 
cipient was increased. When group II was separated ac- 
cording to race, the graft survival was considerably better 
in the whites (p = 0.0008) (Fig. 5). This racial difference 
was not apparent in group III, in part because of the in- 
crease at 1 year in overall graft survival of the black patient 
and a slight decrease in survival in the white patient. The 
explanation for the marked improvement in the white 
one-haplotype match recipient in group II is unclear, but 
suggests that the immunologic disparity in the white pa- 
tient is more easily controlled than in the black. The ad- 
dition of Minnesota antilymphocyte globulin to the black 
one-haplotype match recipient also suggests that quad- 
ruple therapy may be helpful in graft prolongation; how- 
ever, there was no statistical support for the statement. 

In a previous publication,!' we used the parametric 
model to explore risk factors participating in cadaveric 
graft survival. This model may have special relevance to 
the center concept and allows one to dissect the relevant 
and significant factors as they related to allograft survival. 
The parametric analysis allowed the examination of con- 


comitant risk factors into an early phase with a higher ` 


risk for graft loss (0 to 6 months) and a constant phase 
(beyond 6 months) with a minimal rate of loss. The com- 
parison of tissue typing and cyclosporine showed, as ex- 
pected, a beneficial effect of cyclosporine on allograft sur- 
vival in both the one- and two-haplotype—matched recip- 
ients (Fig. 10). The same benefit was noted when the risk 
for graft loss was much greater in the early phase in those 
patients in group I compared with groups II and III. Using 
the parametric analysis, the effect of cyclosporine and race 
can be predicted as noted on Table 3, and the same sur- 
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vival can be predicted for the haplotype-matched patient 
receiving cyclosporine (Table 4). 

The failure of the addition of cyclosporine to markedly 
improve graft survival in the two-haplotype—matched re- 
cipient was surprising. This study did not discriminate 
between graft loss due to death of the patient and acute 
or chronic rejection. Therefore, in the event of death, there 
is a decrease in graft survival. It is important to emphasize 
that septicemia or other types of infection were not in- 
creased in groups II and III, which implies that the ad- 
dition of the immunosuppressive effects of cyclosporine 
did not contribute to diminished host defense mecha- 
nisms. Similar findings have been noted by Hesse et al.!? 
and Kostakis et al.!° 

There was no statistical difference in patient survival 
in the three groups (Fig. 2). The patients receiving two- 
haplotype~matched allografts had 1-year survival of 98%, 
100%, and 92% in groups I, II, and III, respectively. The 
increase in patients with a greater postoperative risk such 
as diabetes and older age recipients in groups II and III 
had little effect on mortality rate. The cause of graft loss 
due to acute and chronic rejection in the first postoperative 
year was noted in Table 7. Sixteen per cent of the patients 
died with a functioning graft, and the other 13% of kidneys 
failed for a variety of reasons. 

The relationship of graft survival may be inversely re- 
lated to patient survival if the immunosuppressive effect 
is excessive, sacrificing patient survival for graft survival. 
In those circumstances, improved graft survival may occur 
by placing the patient at higher risk of death from infec- 
tion. Thirty-one patients died of infection or septicemia; 
of these, 10 died in the first 6 months. When death was 
examined according to groups I, I, and III, the first-year 
mortality rate decreased from 5% to 3% to 2%, respec- 
tively. Thus, the improvement in allograft survival in 
groups II and III were not at the expense of patient sur- 
vival, and the addition of cyclosporine and Minnesota 
antilymphocyte globulin were not a risk factor in increased 
patient mortality rate. Ota et al.'* and Ferguson et al.,!° 
using cyclosporine and prednisone in living related recip- 
ients, also found little difference in patient survival com- 
pared with a control series of azathioprine and prednisone, 
supporting our own observations. 

The primary renal disease is always a consideration in 
the selection of patients for renal transplantation, and the 
long-term results are determined in part by the original 
disease leading to renal failure. Parametric analysis, shown 
in Figure 11, depicts the early hazard function to be the 
same in the diabetic and the nondiabetic. In the constant 
phase (after 6 months), however, the diabetic remains at 
a consistently higher risk for the next 442 years. The pre- 
dicted survival shown in Table 5 supports this observation, 
with deaths in this subgroup largely cardiac in origin. Graft 
loss in the constant phase of parametric analysis was usu- 
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ally the result of death of the patient with a functioning 
graft. i 

When allograft survival was compared.in group III with 
a separate series of consecutive cadaveric recipients from 
our transplant center using quadruple therapy (n = 551), 
the patients in group II had much better survival (p 
= 0.0001). At 1 year, the cadaver and the living related 
survival was 75% and 88%, respectively. These results 
strongly support the continued use of the living related 
donor as long as the donor risk remains minimal, and are 
comparable to the data published by Perez et al.’ 

. The clinical use of multiple immunosuppressive agents 
in various combinations has been shown in this study to 
be effective in graft prolongation, with a decline in patient 
mortality rate. It is of interest that black recipients con- 
tinue to have a lower graft survival compared with the 
white patient, although this discrepancy was improved in 
group III. Surprisingly, in spite of the improvement in 
the graft survival in the one-haplotype—matched patient, 
the same immunosuppressive agents failed to significantly 
increase the survival in the two-haplotype—matched re- 
cipient, suggesting that those factors that contribute to 
the low incidence of rejection in this group are not easily 
controlled by current immunosuppressive therapy. 
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DISCUSSION 


Dr. JOHN MCDONALD (Shreveport, Louisiana): Mr. Chairman, Ladies 
and Gentlemen, I am pleased to be asked to comment on this paper, 
which I genuinely do believe wil] be a standard of reference for many 
years. It is a study of some 855 renal transplants from living related 
donors accumulated over a period of 23 years. I think Dr. Diethelm and 
his group can certainly not be accused of premature publication, In fact, 
to the best of my xnowledge, this is the largest such series ever published 
from a single institution. It demonstrates very clearly several points dis- 
cussed by Dr. Diethelm, and the data are such that they really brook no 
argument. . 

1 would like, therefore, to emphasize two points. The long-time benefit 
of renal transplants from living related donors is substantial, with 85% 
of haplotype match grafts in white recipients surviving in good health 
after 10 years. This is far better than can be achieved with any cadaver 
donor under any circumstance. Thus, the continued use of living related 
donors appears to me to be established and promises to continue to be 
indicated in the foreseeable future, in spite of suggestions to the contrary 
by others. Second, these data have been analyzed statistically to emphasize 
the fact that there are two risk phases: an early phase in which most 
grafts are lost, which lasts some 4 to 6 months, and a later phase in 
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which graft loss is much less rapid but seems inexorable. Improvement 
of grafi survival] in the past 25 years has been largely in that early phase, 
where sraft loss has been decreased from some 25% or 30% to 5% to 6%. 
This cén be attributed to improved immunosuppression, and the whole 
proces: of improvement has been pharmacologically driven. 

The persistent problem is the late phase, in which the shape of the 
curve has changed very little if at all in the last two to three decades and 
is now responsible for the bulk of graft loss. Thus, I would ask Dr., Diet- 
helm his opinion as to how this late graft loss can be avoided. I personally 
doubt that it will yield to better immunosuppression regimens. 


Dr. F. O. BELZER (Madison, Wisconsin): I also appreciated reading 
the manuscript beforehand and being asked to make these few comments. 

Aga.n, I would like to re-emphasize all that Dr.-McDonald said on 
this excellent study showing the benefits of living-related donation. In 
these &55 transplants, there was no donor death and only minimal donor 
morbidity. We always talk about cadaver kidneys and the results of ca- 
daver transplantation. We never talk about those patients who never 
receive a kidney. And right now there will be many, many patients on 
the cadaver list who wil] never receive a kidney. This audience might be 


‘- interested to know that if you look at the best diabetic transplant candidate 
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age 10 to 24, after 5 years on dialysis, only 30% of these patients will be 
alive. If we take all diabetics on dialysis, only 19% will be alive after 5 
years. So if you include the deaths on dialysis while awaiting a kidney, 
the result will be even more skewed favoring living-related transplantation. 


Actually, Dr. Diethelm, we did exactly the same thing as you did, we | 


stopped DST and we started quadruple immunosuppressant therapy 
several years ago with similar results as you presented. The only change 
we made is that we gave all patients ALG for 10 days, irrespective of 
renal function, hoping to stop most of the early rejection. I wonder if 
you are going to be doing this, because in your third group, the whites, 
there was no advantage to adding ALG. 

My question to you is, were all patients in group 3 transfused? What 
is your policy on transfusions? Of course, in group 2, you have donor 
specific, but what did you do as far as transfusions in group 3? My second 
question is, what do you think is the role of DST in 1991? We personally 
still use it for two-haplotype mismatches and for living-unrelated donors, 
but we have not continued it for haploid-identical donor-recepient pairs. 

My last question is, your third cause of death is carcinoma. We all 
know that malignany has increased in transplant recipients, but we have 
not seen that many cancers killing our patients. Of course, you had a 
very long follow-up, but I would be interested to find out what kind of 
cancers you had in your patient population. 

Again, I appreciate discussing the papers. 


Dr. GIL DIETHELM (Closing discussion): I would like to thenk Dr. 
McDonald and Dr. Belzer for their comments, and I would like to address 
Dr. McDonaid’s questions first. 

First of all, the parametric analysis is a system that has been developed 
in our institution in the division of cardiovascular and thoracic surgery. 
And I think it allows one to look at graft survival and patient survival 
in quite a different way. It is a model that was developed by Drs. Gene 
Blackstone and Naftel and Turner in the department of surgery and 
statistics at the University of Alabama, and it has been popularized by 
Dr. John Kirklin, but it fits very well with transplantation and, I suspect, 
would fit very well with any other method of statistical analysis of patient 
survival, | would encourage you to look at it. The question of late graft 
Joss pertains to the parametric model. It is true that late graft loss con- 
tinues. It is also true that it is a problem of chronic rejection or humoral 
antibodies, 


Dr. McDonald is exactly correct. The current drugs and the new drugs. 


that are coming on the horizon will make a major impact on the pre- 
vention of acute rejection. The problem of chronic rejection continues. 
It is prevalent in cardiac transplantation, reflected as graft atherosclerosis. 
We see it in livers and liver transplantation. We see it in the kidney and, 
of course, the lung and the pancreas. So the late loss continues to be a 
problem and, I suspect, will be one of the major obstacles. 

The discussion about the black versus the white patient in graft and 
patient survival is an ongoing one. And when I had group 1, that first 
group, to deal with, I was very proud that our patients did the same, the 
whites and the blacks. And I gave some papers and supported that. And 
then when we looked at the data of cyclosporine added onto azathioprine 
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and prednisone in group 2, I could not believe that we had a .0008 
difference. Now there is one potential flaw in this analysis. The statistics 
are correct because they are based on graft loss, whether it is by rejection 
or by death of the patient. I think we need to go back and re-examine 
how many patients died of a car accident, were hit by lightning, and so 
forth, that had normal graft function, because we are discussing im- 
munologic survival. We are not discussing how long patients live oth- 
erwise. And that has been the basic ground-floor approach to statistical 
analysis in transplantation for many years. I do not quibble with it. But 
if we are going to look at two different areas, we perhaps ought to at 
least handle that in a statistically different manner. I am not totally sure 
that admixture is the entire issue, Dr. McDonald, and I suspect that there 
are a great number of admixture genetic relationships in all populations. 
But if you look at the European literature, the closer the genetic group, 
the better the results. And the United States is for sure an admixture in 
the real sense, and our results are less good. I am not sure that relates 
precisely to your question, but I have no doubt that admixture does play 
a role in the genetic disparity in recipients. 

I will discuss the comments by Dr. Belzer just briefly: First of all, there 
is no question that living related donor transplant is best. Secondly, it is 
an elective operation. Thirdly, if done properly the patient will never see 
dialysis. The patient will never stop work except for the operation. And 
then, furthermore, if he had an HLA identical, his 5-year graft survival 
might be 94% or 95%. There is no alternative in terms of best treatment 
that surpasses the living related donor transplant. 

Should we have used ALG for 10 days instead of 5? I think that is 
possible, and it might have made an impact in our results. I have the 
notion that 5 to 7 days of ALG rarely causes a major problem with viral 
infection, cytomegalovirus, and so forth. Ten to fourteen days seems to 
be the breakpoint. I will not quibble with whether 10 days is on the bad 
side or the good side. But as you go on with ALG there is definitely a 
risk factor. 

As for the transfusion protocol, we used donor-specific transfusions 
for a number of years. There are two or three problems with this form 
of treatment. Number one, the patients often get sensitized at between 
10% and 25%. Number two, when we followed our patients 3, 4, and 5 
years, there was a decay factor. And although the first-year graft survival 
was significantly better with a good p value, 2 and 3 years later the 
patients’ survival had decayed. And that goes back to the very first ques- 
tion of Dr. McDonald’s. And that is, as you see the patients go out over 
the years, the graft loss is due to chronic rejection. So the benefits of 
donor-specific transfusions were lost at the second year, And what is the 
role of donor-specific transfusions in 1991? Well, I think pure donor- 
specific transfusion as we carried it out years ago I would not favor. 
Conversely, there may be newer techniques—you will hear about one 
shortly—that might make a large difference. 

I think Dr. Belzer’s point regarding the role of carcinoma was accurate. 
It was a high risk factor for us, but we had a long-term graft survival. 
They were out 5, 8, and 10 years. The most common was skin cancer 
and, interestingly, you almost never see skin cancer in the blacks; it is 
always in the whites and, on occasion, it is fatal. Thank you very much. 
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During the 7-year period from March 1984 to June 1991, 86 
haploidentical living related kidney recipients were entered into 
one of three donor-specific transfusion (DST) and cyclosporine 
treatment protocols: (1) Multiple pretransplant DSTs with cy- 
closporine begun after transplant, n = 34; (2) Multiple pretran- 
splant DSTs with cyclosporine begun pretransplant, n = 31; and 
(3) a single DST 24 to 48 hours before transplant with intra- 
venous cyclosporine initiated after the transfusion, n = 21. Triple 
immunosuppression (prednisone, azathioprine, and cyclosporine) 
was continued in all groups after transplant. The 1-year patient 
(97%, 97%, and 93%, p = not significant) and graft (91%, 90%, 
and 87%, p = not significant) survival were similar for the three 
groups. No differences were seen in the incidence of rejection at 
1 year (61%, 45%, and 60%, p = not significant) or in the inci- 
dence of infectious complications (26%, 42%, and 47%, p = not 
significant). It is concluded that a single DST given 24 to 48 
hours before operation followed by pretransplant cyclosporine 
is as effective as classic DST conditioning of recipients using 
either pretransplant or post-transplant cyclosporine. The single 
DST protocol has the advantage of not eliminating any donors 
because of sensitization and was less costly and easier to ad- 
minister. 


blood transfusion before cadaveric renal transplant 

improved allograft survival. The beneficial effects of 
blood transfusion were further documented by Salvatierra 
et al., who achieved a 38% improvement in 1-year graft 
survival after giving deliberate donor-specific blood trans- 
fusions (DST) before kidney transplants from one-hap- 
lotype—mismatched living related donors (LRD). All of 
the recipients had high responses of their lymphocytes 
against donor cells in mixed lymphocyte cultures (MLC). 


I N 1973 OPELZ ET AL.! REPORTED that random donor 
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The protocol of three pretransplant DSTs, however, was 
complicated by sensitization to the proposed donor in 
29% of the pairs.? Although this sensitization and elimi- 
nation 3f recipients at a higher risk for rejections may in 
part account for the exemplary results of this study, the 
loss of 29% of potential donors was a significant disad- 
vantage. Several studies have since demonstrated that the 
incidence of sensitization can be reduced to 8% to 14% 
through concurrent administration of azathioprine at the 
time of the initial transfusion and thereafter.” 

The introduction of cyclosporine resulted in a re- 
markatle increase in survival for both living related and 
cadaveric renal allograft recipients.° With cyclosporine, 
the grat survival advantage provided by transfusion de- 
creased to approximately 5% in cadaveric transplants and 
to 2% to 3% in LRD one-haplotype—mismatched trans- 
plants when examined at 3 months and | year.’ Similarly, 
the benefit of DST has been reduced to 3% to 9% in living 
related kidney recipients.®” In light of the reduced benefits, 
the burden imposed on the donor and recipient by re- 
peated Dretransplant blood transfusions with pretransplant 
immurosuppression, and donor exclusion because of the 
persistent 10% incidence of sensitization, many centers 
have atandoned DST in LRD transplants. Recent studies, 
however, have suggested that DST can induce a specific 
suppression of the immune system, allowing a decrease 
in the -equirement for nonspecific immunosuppression 
over the long term, with a coincident decrease in adverse - 
effects, while maintaining or improving allograft sur- 
vival.” ° 

Animal studies have demonstrated synergy between 
cyclosporine and DST given 24 hours before transplan- 
tation with no evidence of sensitization.''~!> Furthermore, 
a clinical study treating human cadaveric transplant re- 
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cipients with a single DST and cyclosporine infusion 24 
hours before transplantation resulted in immunologic hy- 
poresponsiveness to the donor (by MLC) and z decrease 
in severe rejection episodes requiring OKT3 treatment in 
the first 6 months after transplant.’ 

Since April 1989, we have adopted a protoco_ of giving 
a single pretransplant DST 24 to 48 hours before trans- 
plantation followed immediately by initiation of a cyclo- 
sporine infusion for one-haplotype-mismatched LRD 
renal transplant recipients to eliminate the sersitization 
caused by multiple DSTs. The safety and efficecy of this 
protocol is compared with two prior one-haplo-yp2—mis- 
matched LRD treatment protocols that used multiple 
pretransplant DSTs and cyclosporine initiated either be- 
fore or after the transplant. 


Materials and Methods 


- Patients 


Eighty-six one-haplotype~mismatched LRD-recipient 
pairs were prospectively entered into a DST/cyclosporine 
treatment protocol and underwent transplancation be- 
tween March 1984 and June 1991. There were no exclu- 
sionary criteria. Treatment protocols were approved by 
the Institutional Review Boards of the Univers.ty of Cin- 
cinnati and The Christ Hospital. 


Experimental Groups 


Three sequential treatment protocols have been used 
during this period: 


Group 1: Multiple pretransplant DSTs with cyclosporine 
initiated in the post-transplant period, n = 34. Recip- 
ients received approximately 150 mL fresh or stored 
donor whole blood or packed cells on three separate 
occasions at 2-week intervals. Three patients received 
two transfusions, and two patients received six trans- 
fusions (each had three stored and three fresh). Two 
weeks after the last transfusion, recipients underwent 
a final cross-match and were transplanted shortly 
thereafter. Recipients who developed a warm B-cell- 
positive cross-match after the last transfusion (4/34, 
12%) were challenged with one or more additional 
transfusions and transplanted when the cross-match 
reverted to negative after this challenge. Seventy-one 
per cent of group | patients received continuous aza- 
thioprine immunosuppression (1 mg/kg/day initial 
dose, with adjustments in dosage according to the re- 
cipient’s white blood cell count) during the period of 
DST administration. Two patients received. buffy coat 
transfusions with RhoGAM (Ortho Diagnostic, Rari- 
tan, NJ) rather than whole blood or packed cells because 
of Rh incompatibility. Oral cyclosporine was initiated 
at a dose of 4 mg/kg twice daily after good -enal func- 
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tion was established (mean, 5.31 + 1.5 days after op- 
eration), except for one patient who developed severe 
acute rejection before initiation of cyclosporine. 

Group 2: Multiple pretransplant DSTs with pretransplant 
cyclosporine, n = 31. This group was transfused using 
a protocol similar to that for group 1. All patients re- 
ceived three transfusions, except for one patient who 
developed a warm B-cell cross-match (given an addi- 
tional fresh DST) and a patient whose transplant was 
delayed because of an upper respiratory tract infection 
(given a fourth fresh DST). Two patients were given 
buffy coat transfusions and RhoGAM to prevent Rh 
sensitization. Eighty-four per cent of the recipients re- 
ceived azathioprine immunosuppression concurrently 
with DST. Cyclosporine was started the day before 
transplantation as either an oral dose (4 mg/kg twice 
daily) (48%) or as a constant intravenous infusion (3 
mg/kg/day) (52%). Patients were converted to oral cy- 
closporine in the post-transplant period as soon as they 
were able to take oral medications. 

Group 3: Single pretransplant DST with pretransplant 
cyclosporine, n = 21. Recipients were transfused with 
250 mL donor whole blood or packed cells 24 to 48 
hours before their transplant (mean, 37.7 + 2.44 hours). 
Three patients received buffy coat transfusions and 
RhoGAM. No patient in this group received azathio- 
prine in the pretransplant period. An intravenous in- 
fusion of cyclosporine (3 mg/kg/day) was initiated im- 
mediately after the completion of DST and continued 
into the post-transplant period. Cyclosporine levels were 
measured approximately every 6 hours. At the time of 
transplantation, cyclosporine levels ranged from 289 
to 932 ng/mL (mean, 494 + 43 ng/mL) by whole blood 
polyclonal fluorescent polarization immunoassay 
(FPIA).! Conversion to oral cyclosporine was per- 
formed as early as possible. As a preliminary study, a 
subgroup of six patients were also given a single 2.5- 
mg (4 patients) or 5-mg (2 patients) dose of OKT3 im- 
mediately before the DST to assess the efficacy of pre- 
transplant T cell depletion. All patients underwent 
hemodialysis before the OKT3 administration, but be- 
cause of the concern regarding ablation of the DST 
effect, the patients were not pretreated with steroids 
before the OKT3. 


Intraoperative and Post-transplant Immunosuppression 


Immunosuppression was maintained after transplant 
using triple therapy (cyclosporine, azathioprine, and 
prednisone) in all groups. Cyclosporine was initiated ac- 
cording to treatment protocol. Cyclosporine doses were 
adjusted to maintain 12-hour whole blood trough levels 
during the first month at approximately 200 ng/mL, using 
a high-pressure liquid chromatography assay or 350 to 
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500 ng/mL by FPIA polyclonal assay. Azathioprine was 
given in a dose of 3 to 4 mg/kg intravenously in the op- 
erating room and then 1.5 mg/kg/day intravenously or 
orally, adjusted only for leukopenia. Methylprednisolone 
(Solu Medrol; UpJohn, Kalamazoo, MI) was given in a 
dose of 250 mg (groups | and 2) or 125 mg (group 3) 
intravenously in the operating room and prednisone (125 
mg/day) (groups | and 2) or 1.0 mg/kg/day (group 3) was 
begun orally after transplant, and rapidly tapered to 20 
mg/day with a more gradual taper over the first year as 
rejection episodes allowed. Rejection episodes were iden- 
tified by a sudden and persistent elevation in serum cre- 
atinine and blood urea nitrogen associated with clinical 
findings of rejection in the absence of other causes of renal 
dysfunction. Percutaneous biopsy was performed if the 
diagnosis was in doubt or if rejection episodes failed to 
respond to initial therapy. Mild rejection episodes were 
treated initially with bolus injections of methylprednis- 
olone (250 mg intravenously daily for up to 4 days). If 
there was no response or a worsening of renal function 
or if the initial biopsy showed moderate or severe acute 
cellular rejection or any component of acute vascular re- 
jection, therapy was changed to OKT3 (5 mg/day intra- 
venously for 7 to 14 days) or Minnesota antilymphoblast 
globulin (15-20 mg/kg/day intravenously for 7 to 14 
days). In selected instances, refractory rejection in patients 
with contraindications to further high-dose immuno- 
suppression were treated with local graft irradiation (150 
rad/day for 3 days). 


Outcome Variables 


Treatment complications were compared, including 
presumptive evidence of cyclosporine nephrotoxicity 
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within the first 14 days, indicated by a rise in creatinine 
managed by withdrawal or reduction in cyclosporine dose. 
Graft loss was dated as the time of return to chronic he- 
modialysis due to loss of graft function or time of trans- 
plant nephrectomy. Patient death from any cause was 
included as a graft loss. Actual and actuarial patient and 
graft survival were calculated at 1 year. Rejection episodes 
were compared at 6 months and 1 year. Severe rejection 
was defined as rejection requiring treatment with OKT3, 
Minnesota antilymphoblast globulin, or graft irradiation. 
Infectious complications within the first year were in- 
cluded ir they required inpatient or outpatient antimicro- 
bial therapy. Cytomegalovirus (CMV) infections were de- 
fined as clinical symptoms characteristic of CMV infection 
that correlated with an increase in CMV titers or positive 
CMV crltures. 


Statistics 


Statistical analysis was performed on the PC SAS system 
(version 5.04, SAS Institute, Inc., Cary, NC). Comparisons 
between groups were performed using the chi square test, 
Fisher’s exact test, Wilcoxon rank sum test, t test, or one- 
way ana_ysis of variance with Duncan’s multiple range . 
test, where appropriate. Graft survival curves were cal- 
culated rsing the product-limit survival estimates method 
(Kaplan-Meier). All means are reported as mean + stan- 
dard error of the mean. Significance was accepted if p 
< 0.05. 


Results 


There were no significant differences between treatment 
groups cn the basis of sex, race, incidence of diabetes, 
primary disease process, or pretransplant panel-reactive 
antibody (Table 1). The patient-versus-donor MLC was 


TABLE |. Recipient Characteristics 


Group i 
Multiple 
DST After 
DST Protocol Cyclosporine Transplant 
N 34 
Age (mean) 39,3 + 2.0 yr 
Female 17/34 (50%) 
Race 
Black 5/34 (15%) 
White 28/34 (82%) 
Asian 1/34 (3%) 
Diabetes 12/34 (35%) 
Second transplant l 
PRA (mean) 22 20% 
MLC stimulation index (mean) 9442.8 
Third-party transfusions 19/34 (56%) 
Mean (units) 5.2 4 1.7 
Median (units) 3 


Group 2 Group 3 
Multiple Single DST 
DST Before Before 
Transplant Transplant p 
31 21 
39.6 + 2.1 yr 37.6 + 2.6 yr NS 
10/31 (32%) 12/21 (57%) NS 
NS 
4/31 (13%) 4/21 (19%) 
27/31 (87%) 16/21 (76%) 
(0%) 1/21 (5%) 
13/31 (42%) 6/21 (29%) NS 
3 0 NS 
5.6 + 1.2% 3.9 + 2.8% NS 
L182) 20.3 + 4.5 <0.05 for 1 vs. 3 
17/31 (55%) 11/21 (52%) NS 
RTE 23:45 
5 4 


DST, donor-specific transfusion; NS, not significant; PRA, panel-reactive antibody; NILC, mixed lymphocyte culture. 
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TABLE 2. Donor Demographics 
Characteristic Group | Group 2 Group 3 p 
Age (mean) 37.2+2.3 yr 3542419 yr 33342.8yr NS 
Female 8/34 (53%) 17/31 (55%) 7/21 (33%) NS 


Relation NS 


Parent 7/34 (20%) 4/31 (13%) 5/21 (24%) 
Sibling 17/34 (50%) 19/31 (61%) 9/21 (43%) 
Offspring 8/34 (24%) 8/31 (26%) 7/21 (33%) 
Other 2/34 (6%) 0% 0% 


NS, not significant. 


significantly higher in the single-DST group (group 3 ver- 
sus group 1), however. Approximately 55% of the patients 
from each group received third-party transfusions (Table 
1), with a median of 3 to 5 units. Mean follow-up for the 
three groups varied from 72 + 1.6 months for group 1 to 
14.3 + 1.6 for group 3. Analysis therefore was confined 
to the first year for statistical comparisons. 

Donor characteristics (Table 2) were similar between 


groups. 


Transplant Outcome 


Initial graft function was excellent in all groups. Ex- 
amination of the serum creatinine during the first 5 days 
disclosed no significant difference in initial function be- 
tween groups; all groups had good early function ‘Fig. 1). 
The grafts continued to function well through the first 
year of follow-up, with a mean serum creatinine for all 
groups remaining below 1.7 mg/dL (Fig. 1). Patient sur- 
vival at 1 year was uniformly good for all groups (Table 
3). Two of the three patients who died within 1 year of 
transplant died as a result of nonimmunologic events. 
The single death in group | was a patient who committed 
suicide 18 days after transplant, and the death ofa patient 
in group 3 was due to anaphylactic response to protamine 
sulfate during cardiac surgery at another institution 88 


Serum Creatinine 





Days Post—transplant 


Fic. 1. Graft function. 
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TABLE 3. Patient and Graft Survival 


Survival Group | Group 2 Group 3* p 

l-yr patient 
survival 

l-yr graft survival 
(all causes) 

Corrected |-yr graft 
survival 
(excluding death 
from suicide and 


allergic reaction) 


33/34 (97%) 30/31 (97%) 14/15 (93%) NS 


31/34 (91%) 28/31 (90%) 13/15 (87%) NS 


31/33 (94%) 28/31 (90%) 13/14 (93%) NS 


* Includes only patients with follow-up longer than | year. 
NS, not significant, 


days after transplant. Both patients died with excellent 
graft function. One-year graft survival also was similar for 
all groups. Elimination of graft losses due to nonimmu- 
nologic-related deaths allowed for analysis of immuno- 
logic graft survival related to treatment protocol (Table 
3) and also demonstrated no differences between groups. 
Actuarial graft survival curves are presented in Figure 2. 

The prednisone doses for each group over the first year 
were not significantly different except at 6 months, when 
the doses for both groups receiving pretransplant cyclo- 
sporine were significantly lower. This effect was lost by 1 
year (Fig. 3). All patients continued to receive steroids by 
the end of the first year, but many were subsequently 
withdrawn from this drug (comparison of groups not pos- 
sible at this time). 


Rejection © 


There were no hyperacute rejections seen in any of the 
groups, but all had a similar incidence of early rejections 
described in DST protocols.'® Thirty-eight per cent of the 
recipients in the single-DST group (group 3) had a rejec- 
tion episode within the first 14 days, compared with 23% 
in group 2 and 35% in group | (p = not significant). All 
but two of these rejection episodes resolved with antire- 
jection therapy. One patient in group 3 and one in group 
1 underwent transplant nephrectomy because of irre- 
versible rejection at postoperative days 7 and 22, respec- 
tively. A third patient in group 2 recovered from an initial 
rejection episode at 13 days, but had two additional re- 
jection episodes in the following 30 days and subsequently 
lost her graft on post-transplant day 56. 

Fifty-two per cent of the patients receiving a single DST 
(group 3) had a rejection within the first 6 months, com- 
pared with 45% for group 2 and 56% for group 1 (Table 
4). The rejection episodes in the single-DST group tended 
to be more severe, because 48% of the patients experienced 
a severe rejection during this period. This was not statis- 
tically different from the other groups, however. The pat- 
terns of rejection also were quite similar at | year. None 
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of the groups had a high incidence of patients experiencing 
more than one episode of severe rejection within the first 
year. Rejections also tended to occur within a similar time 
frame for all groups, with no difference in time to first 
rejection during the first year after transplant. The use of 
pretransplant azathioprine and conditioning with fresh or 
stored blood did not significantly impact on rejection. 
Third-party transfusions tended to improve the freedom 
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Fic. 2. Actuarial graft survival (no 
exclusions). 
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from sev=re rejection in group 3 (p = 0.08 by Fisher’s 
exact tesi p = 0.05 by chi square test), but not in groups 


. lor 2. 


Exam:aation of the pretransplant immunologic status 
of the rec:pient showed no relation between panel-reactive 
antibody and rejection. Pretransplant MLC, however, was 
related tc the incidence of severe rejection. Patients who 
experienzed a severe rejection within 6 months had a 


Fic. 3, Prednisone dose. 
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TABLE 4. Patients with Rejection Episodes 


Group | 
Rejection within first 6 
months 
Total 19/34 (56%) 
Severe 13/34 (38%) 
Rejection within first yr 
Total 21/34 (61%) 
Severe 14/34 (41%) 
More than | rejection 
episode first yr 
Total 9/34 (26%) 
Severe 3/34 (9%) 


Time to first rejection 


(within 1 yr) 50.5 + 17 days 


* Includes only patients with follow-up longer than | year. 


mean stimulation index of 19.8 + 4, compared with 9.3 
+ 1.3 for patients without severe rejection (p < 9.05). 
This relationship also was seen at 1 year with stimulation 
indices of 18 + 4 versus 8.8 + 1.2, respectively (p < 0.05) 
(Fig. 4). Similarly, patients with a stimulation index > 20 
in their pretransplant MLC were more likely to experience 
severe rejection at both 6 months and | year (p < 0.05). 
None of five patients with a stimulation index > 50 were 
free from severe rejection at | year. Pretransplant MLC 
did not, however, impact on graft survival or the incidence 
of mild rejections. 


Complications 


There was concern that administration of cyclosporine 
before transplantation might jeopardize allograft function 
because of vasoconstriction and early cyclosporine tox- 
icity. The groups treated with post-transplant versus pre- 
transplant cyclosporine had a comparable incidence of 
early renal dysfunction that was perceived to be associated 
with cyclosporine therapy (Table 5). The cyclosporine 


É Stimulation Index 








“p< .06 


Fic. 4. Relation of pretransplant MLC to severe rejection episodes. 


Group 2 Group 3 p 
14/31 (45%) 11/21 (52%) NS 
8/31 (26%) 10/21 (48%) NS 
14/31 (45%) 9/15 (60%)* NS 
8/31 (26%) 9/15 (60%)* NS 
4/31 (13%) 4/15 (26%)* > NS 
2/31 (6%) 2/15 (15%)* NS 
32.4 + 13 days 20.9 + 10.4 days NS 


NS, not significant. 


level at the time of transplant (available only for group 
3) did not impact on early function, nor did the route of 
administration (oral or intravenous) in group 2. 

There were no differences in the incidence of bacterial, 
viral, or fungal infections except for an unexplained sig- 
nificantly higher incidence of CMV infection in group 2 
(Table 5). One of the patients from group 2 developed 
life-threatening CMV infection and a lymphoproliferative 
disorder and subsequently died. The incidence of malig- 
nancy was low during the first year. In addition to the 
lymphoproliferative disorder in group 2, there were three 
skin malignancies (1 squamous cell and 2 basal cell car- 
clnomas). 


OKT3 Pretreatment 


Six of the patients in group 3 were treated with OKT3 
in the pretransplant period in addition to a single DST 
and pretransplant cyclosporine. There was a 33% inci- 
dence of rejection in the first 6 months in this subgroup. 
More importantly, without steroid pretreatment, all of 


TABLE 5. Patients With Complications in the First Year 


Group | Group 2 Group 3 p 
Infections 
Total 9/34 (26%) 13/31 (42%) 7/15 (47%)* 
Bacterial 7/34 (21%) 7/31 (23%) 6/15 (40%)* NS 
Viral 2/34 (6%) 8/31 (25%) 2/15 (13%)* NS 
Cytomegalovirus (0%) 5/31 (16%) (0%)* NS 
Fungal 1/34 (3%) 2/31 (6%) (0%)* <0.05 
Malignancies “1/34 3%) 3/31 (10%) (0%)* NS 
Presumptive CsA 
toxicity in first 
14 days 2/34 (6%) 3/31 (10%) 3/21 (14%) NS 


* Includes only patients with follow-up longer than ] year... --~. - 
NS, not significant. - 
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the patients had moderate to severe reactions to the 
OKT3. One woman required intensive care after OKT3, 
necessitating a 3-day delay in her transplant. These pa- 
tients also tended to form anti-OKT3 antibodies. Two of 
the six developed titers of 1:100 and 1:1,000 after the 
single dose, and a third patient developed a titer of 1:100 
after an 11-day course of OKT3 for early rejection. 


Discussion 


Since the commercial availability of cyclosporine in 
late 1983, there has been controversy over the deliberate 
administration of DST in LRD renal transplant recipi- 
ents.!’-'? The early benefits of DST on graft and patient 
survival have been markedly reduced to 3% to 9% by cy- 
closporine therapy®” and exclusion of approximately 10% 
of potential donors because of sensitization has continued 
to occur. Conversely, experimental data have demon- 
strated repeatedly that cyclosporine and donor antigen, 
including DST, can prolong allograft survival synergisti- 
cally.'!-!3°°-22 Furthermore, there is the potential that 
immune modification through DST can decrease the need 
for continued immunosuppression and the severity of 
chronic rejection with respect to long-term graft survival 
in humans. Donor-specific transfusion treatment can in- 
duce the development of hyporesponsiveness of donor- 
specific cytotoxic T-lymphocytes**** and MLC!*?5-?7 in 
human renal allograft recipients. In one-haplotype—mis- 
matched living related kidney recipients, Reed et al.!° have 
shown that three DSTs significantly improved freedom 
from rejection, increased the rejection-free interval, and 
improved the ability to aggressively withdraw steroids 
when compared with random donor transfusions. Sal- 
vatierra et al.’ recently described excellent results over the 
first 4 years in a protocol using DST and Minnesota an- 
tilymphoblast globulin/cyclosporine sequential therapy. 
In this report, DST provided a 9% benefit at 1 year and 
a 33% enhancement in allograft survival at 4 years over 
non-DST/Minnesota antilymphoblast globulin/cyclo- 
sporine-sequential therapy. The DST group also tended 
to have lower prednisone doses. 

A persistent disadvantage of DST protocols is the oc- 
currence ofa high incidence of sensitization. The original 
DST protocol introduced by Salvatierra et al.” in 1980 
consisted of three fresh whole blood transfusions at 2- 
week intervals. This was complicated by a 29% incidence 
of sensitization, resulting in elimination of these donors. 
Modifications of this protocol through the use of stored 
whole blood.”? a single transfusion 2 weeks before trans- 
plant,’ concurrent azathioprine,*~> or cyclosporine’? has 
reduced the rate of sensitization to 9%, 4%, 8% to 14%, 
and 4%, respectively. Although these sensitized patients 
may successfully undergo transplantation from a different 
living related or cadaveric donor, this creates a significant 
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reduction in the donor pool. Prolonged pretransplant im- 
munosuppression also may cause bone marrow toxicity 
and infectious complications. In the current study, all of 
the patients that received a single DST and cyclosporine 
24 to 48 hours before transplantation were transplanted 
with organs from their initially intended donor. This pro- 
tocol maintained the excellent graft survival seen in our 
previous multiple-DST/cyclosporine groups without sig- 
nificantly increasing the incidence of rejection or com- 
plication. The relationship of pretransplant MLC to severe 
rejection episodes suggests that the single-DST/cyclo- 
sporine group may have been at a higher risk for severe 
rejection, yet the protocol maintained a similar profile of 
rejection episodes. Thus, 10% of potential donors expected 
to be excluded because of DST sensitization were not 
eliminated by this protocol and their kidneys were not 
lost from rejections. The burden on both the donor and 
recipient also was significantly reduced with regard to the 
pretransplant commitment to multiple transfusions, the 
potential risks of prolonged pretransplant immuno- 
suppression, and costs associated with the transfusion 
therapy and added immunologic testing. 

Concern regarding the effect of preoperative adminis- 
tration of intravenous cyclosporine was unfounded. There 
was no increase in early renal dysfunction or early cyclo- 
sporine toxicity from this treatment. Although no relation 
of cyclosporine level at.transplant to early renal dysfunc- 
tion could be demonstrated in this study, careful adjust- 
ment of cyclosporine dosage with frequent monitoring of 
levels seems warranted. The problem of cyclosporine tox- 
icity has been more evident in cadaveric organs, where 
cyclosporine appears to potentiate the tubular damage 
from ischemia and storage. 

Pretransplant T-cell depletion through the use of 
monoclonal antibodies has been shown to augment the 
transfusion effect induced by a single pretransplant DST.*! 
The clinical application of this approach with OKT3 in 
six patients in this study demonstrated drawbacks asso- 
ciated with this therapy. There was a uniform incidence 
of moderate to severe reaction to the OKT3 dose, and a 
significant percentage of the recipients developed anti- 
OKT3 antibodies after treatment. Similar findings in a 
preliminary group of four cadaveric kidney recipients 
(unpublished data) confirm the adverse effects of pre- 
transplant OKT3 dose without steroid pretreatment. This 
treatment did not lead to a significant reduction in early 
rejection and was therefore abandoned. 

In summary, a single pretransplant DST combined with 
pretransplant initiation of a cyclosporine infusion is safe 
and maintains the same efficacy as previous multiple- 
DST/cyclosporine protocols. The burden of pretransplant 
conditioning 1s reduced, and the loss of organ donors due 
to sensitization is eliminated, therefore increasing the pool 
of living related donors. Although the major deterrents 
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to DST have been removed, the long-term benefits of 
combined DST and cyclosporine administration need to 
be studied further. 
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DISCUSSION 


Dr. JOHN MCDONALD (Shreveport, Louisiana): Mr. Chairman, Ladies 
and Gentlemen, again I am honored to be asked to discuss this paper. I 
would point out that Dr. Alexander consistently brings to us scholarly 
studies designed to answer specific and well-defined questions, and this 
study is no exception. The role of donor-specific blood transfusions, as 
you have already heard, has become unclear since the introduction of 
clycosporine and monoclonal! antibody therapy for rejection. This study 
presents three sequential prospective protocols designed to approach this 
question. All three protocols yield similar results and, thus, the simplest 
and least expensive in time and money is recommended. It may be that 
this 1s indicated if you believe that blood transfusions are likely to induce 
a state of host adaptation that will decrease the late graft loss that I 
discussed in the last paper. This concept has been proposed by others, 
but-1s not addressed by the data presented in this paper. The problem 
with these data, I respectfully submit, relates to the fact that there is no 
control group of patients without transfusions or without donor-specific 
transfusions. 

While these data were being accumulated, early results were being 
improved by a new, impressive protocol. For examrle, the previous paper 
presented one-haplotype graft with results that are the same as those 
presented in this paper, and those patients received no planned donor- 
specific transfusion. Thus I ask Dr. Alexander if these results lead him 
to believe that donor-specific transfusions are indicated at all and, if so, 
under what circumstances. Thank you. 


Dr. FRANCIS THOMAS (Greenville, North Carolina): Dr. Britt, Dr. 
Jones, Members and Guests, I am pleased to have the opportunity to 
discuss Dr. Alexander’s unique clinical trial, which represents the latest 
extension of experimental and clinical studies his group have previously 
performed in single-donor-specific blood-transfused transplant recipients. 
His group have shown the simplicity and utility of this technique, which 
reduces the number of transfusions, the time on pretransplant azathio- 
prine, and the time to transplant, while retaining, apparently, the ben- 
eficial effects of the donor-specific transfusion without sensitizing the 
potential recipient. The DST protocols are all variations of potentially 
tolerogenic recipient treatments involving administration of donor an- 
tigens to induce tolerance. Tolerance in current clinical protocols can 
be gauged only roughly by improved graft survival or reduced require- 
ments for immunosuppressant drugs, both extremely laudable goals. 
Virtually everyone agrees tolerogenic protocols are difficult to evaluate 
in the related donor haplotype match because historical results are ex- 
cellent with cyclosporine-A—based immunosuppression. 

Our group has focused on experimental protocols for cadaveric trans- 
plantation using donor bone marrow given after transplant, which seems 
to be optimally effective in prolonging grafts with no immunosuppressant 
drugs given beyond days 3 to 5 in experimental animals and prolonged 
survival of the grafts. It is interesting, and I think very much to this 
point, that Dr. Alexander’s protocol is perhaps the only current alternative 
to the bone marrow protocol, which would permit a conditioning regimen 
that would be available for use in cadaveric transplantation. My questions 
to Dr. Alexander focus on what our group considers the Achilles heel of 
the donor-specific conditioning protocols and relates, specifically, to the 
humoral antibody response. In our experimental animals, prolonged graft 
survival was achieved in every case in which anti-cdonor antibody did 
not develop. In contrast, in animals developing anti-donor antibody, 
whether complement-dependent cytotoxicity or antibody-dependent 


DAVIES AND OTHERS 


Ann. Surg. «June 1992 


cellular crtotoxicity type, there was a loss of the graft, although the loss 
was late, 1 the 150-plus day range. Thus, the humoral antibody response 
seems to be the problem that we cannot at present block with our con- 
ditioning ~egimens. 

The early rejections seen so prominently in the donor-specific trans- 
fusion {LST} group seem most likely to be humoral in origin on the 
basis of a variety of factors. The 7-day irreversible rejection was certainly 
most likely humoral. The single DST recipients also suffered late and 
repeated rejections, a problem we have associated with the humoral-type 
rejection. 

I would like to ask Dr. Alexander if his recipients demonstrated anti- 
donor an: body patterns after transfusion or transplantation that were 
associatec with rejection. Also, were any associative rejection patterns 
seen in historic antibody studies? 

Finally, zhe striking association here noted between mixed lymphocyte 
reaction reactivity and graft rejection is provocative indeed. Dr. Alex- 
ander, have you analyzed MLR-induced lymphokine secretion profiles, 
such as thzse distinctive to the Th] and the Th2 helper cell population, 
to see if th s might be a factor in the high MLR reactivity? In addition, 
is the hig: MLR due to a memory cell proliferation that might reflect 
previous subliminal sensitization that could be detected pretransplant 
and, thus, averted? 

In sumæary, I enjoyed this stimulating paper very much, and I ap- 
preciate the privilege of discussing these studies. Thank you very much. 


Dr. CHRIS DAVIES (Closing discussion): Dr. Britt, Dr. Jones, Members 
and Guest, I would like to thank Dr. McDonald and Dr. Thomas for 
their thoughtful questions regarding this protocol. Addressing Dr. 
McDonalds questions, there was no control group during the time period 
that received only cyclosporine without donor-specific transfusions (DST), 
so a companison with cyclosporine alone could not be made. As to whether 
DSTs are ir dicated and when, I think that the point remains quite con- 
troversial. some of the data reported by Dr. Salvatierra suggest that the 
quadruple-therapy-treated patients with DST there have a 1-year 9% 
improvement in graft survival over those not transfused. This advantage 
persists, with a 98% graft survival over the first 4 years, suggesting that 
there may ze some long-term benefit, depending on the type of immu- 
nosuppress.on used. Dr. Reed from the University of Wisconsin reported 
that their demor-specific transfusion patients had a decreased requirement 
for prednisone, fewer rejections, and a longer rejection-free interval 
compared wath patients in the following period who had recetved random 
transfusions. Again, it is unclear whether this is going to projected into 
long-term bznefits regarding chronic rejection, but there are some lab- 
oratory stuc:es, including some of our own, that suggest that cyclosporine 
and DST cam be synergistic and can result in long-term allograft survival. 
Having elir-inated sensitization with our current protocol, we believe 
that DST should continue to be studied clinically in light of its potential 
long-term benefits. 

Addressing Dr. Thomas’s questions regarding humoral antibody re- 
sponse, we have not measured anti-donor antibody patterns in these 
rejections a-d have no historic studies to address that. Regarding Thl 
and Th2 lymphokines and memory cell proliferation, we have not looked 
at this. We have done posttransplant mixed lymphocyte cultures at 6 
months in cur cadaveric groups. The cadaveric recipients who had re- 
ceived DST rad a 40% lower MLC to their specific donor than patients 
who had nc. received DST, suggesting induction of specific immune 
hyporesponefveness in these groups. I would like to thank the Association 
for the privil2ge of participating in the presentation of this paper. 
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Surgery alone may not be enough to cure many 
patients with node-negative breast cancer—up to 
30% will recur within 10 years.! According to the 
Consensus Development Conference on Early 
Stage Breast Cancer, “no individual patient can be 
assured that she has no risk of recurrence.” Until 
it becomes possible to accurately identify patients 
at high risk, adjuvant NOLVADEX to delay 
recurrence should be considered for all node- 
negative patients. 


NOLVADEX is a rational therapy choice for 
node-negative patients. 

The Consensus Conference states: “There is clear 
evidence that the rate of local and distant recur- 
rence is decreased by both adjuvant combination 
cytotoxic chemotherapy and by adjuvant tamoxifen 
[NOLVADEX]- NOLVADEX is a rational therapy 
choice because it is proven to delay recurrence 

and prolong disease-free survival in node-negative 
breast cancer patients. And NOLVADEX is 
well-tolerated therapy, with a favorable long-term 
safety profile. 
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Before prescribing, please see full prescribing information. 
A brief summary follows. 


INDICATIONS AND USAGE: Adjuvant Therapy: NOLVADEX is 
effective in delaying recurrence following total mastectomy and axillary 
dissection or segmental mastectomy, axillary dissection, and breast 
irradiation in women with axillary node-negative breast cancer. Data 
are insufficient to predict which women are most likely to benefit 
and to determine if NOLVADEX provides any benefit in women with 
tumors less than 1 cm. 

NOLVADEX is effective in delaying recurrence following total 
mastectomy and axillary dissection in postmenopausal women with 
breast cancer (T;.3, N;, Mo). In some NOLVADEX adjuvant studies, 
most of the benefit to date has been in the subgroup with 4 or 
more positive axillary nodes. 

The estrogen and progesterone receptor values may help to predict 
whether adjuvant NOLVADEX therapy is likely to be beneficial. 
Therapy for Advanced Disease: NOLVADEX is effective in the 
treatment of metastatic breast cancer in women. In premenopausal 
women with metastatic breast cancer, NOLVADEX is an alternative 
to oophorectomy or ovarian irradiation. Available evidence indicates 
that patients whose tumors are estrogen receptor positive are more 
likely to benefit from NOLVADEX therapy. 

CONTRAINDICATIONS: NOLVADEX is contraindicated in patients 
with known hypersensitivity to the drug. 

WARNINGS: Visual disturbance including corneal changes, 
cataracts and retinopathy have been reported in patients receiving 
NOLVADEX. 

As with other additive hormonal therapy (estrogens and andro- 
gens), hypercalcemia has been reported in some breast cancer 
patients with bone metastases within a few weeks of starting treat- 
ment with NOLVADEX. If hypercalcemia does occur, appropriate 
measures should be taken and, if severe, NOLVADEX should be 
discontinued. 

A small number of cases of endometrial hyperplasia and endo- 
metrial polyps have been reported in association with NOLVADEX 
treatment. A definitive relationship to NOLVADEX therapy has not 
been established. 

In a single large randomized trial in Sweden of adjuvant tamoxifen 
40 mg/day for 2-5 years, an increased incidence of endometrial 
cancer was noted. Thirteen of 931 tamoxifen treated patients 
versus 2 of 915 controls developed cancer of the body of the uterus 
[RR = 6.4 (1.4 - 28), P <0.01]. However, in a review of more than 
12,000 patients entered into twelve other large ongoing adjuvant 
studies (including NSABP B-14) in which patients have received 
NOLVADEX 20-40 mg/day for periods of 1-5+ years versus control, 
no increased incidence of cancer of the uterus was seen. 

in the same Swedish trial, the incidence of second primary 
breast tumors was reduced in the tamoxifen arm (P <0.05). In the 
NSABP B-14 trial in which patients were randomized to NOLVADEX 
20 mg/day for 5 years versus placebo, the incidence of second 
primary breast cancers is also reduced. 

Pregnancy Category D: NOLVADEX may cause fetal harm when 
administered to a pregnant woman. Individuals should not become 
pregnant while taking NOLVADEX and should use barrier or non- 
hormonal contraceptive measures. Effects on reproductive 
functions are expected from the antiestrogenic properties of the 
drug. In reproductive studies in rats at dose levels equal to or below 
the human dose, nonteratogenic developmental skeletal changes 
were seen and were found to be reversible. In addition, in fertility 
studies in rats and in teratology studies in rabbits using doses at or 
below those used in humans, a lower incidence of embryo implan- 
tation and a higher incidence of fetal death or retarded in utero 
growth were observed, with slower learning behavior in some rat 
pups. The impairment of learning behavior did not achieve statisti- 
cal significance in one study, and, in another study where signifi- 
cance was reported, this was by comparing dosed animals with 
controls of another study. Several pregnant marmosets were dosed 
during organogenesis or in the last half of pregnancy. No deforma- 
tions were seen and although the dose was high enough to termi- 
nate pregnancy in some animals, those that did maintain pregnancy 
showed no evidence of teratogenic malformations. There are no 
adequate and well-controlled studies in pregnant women. There 
have been reports of spontaneous abortions, birth defects, fetal 
deaths, and vaginal bleeding. If this drug is used during pregnancy 
or the patient becomes pregnant while taking this drug, the patient 
should be apprised of the potential hazard to the fetus. 
PRECAUTIONS: General: NOLVADEX should be used cautiously 

in patients with existing leukopenia or thrombocytopenia. 
Observations of leukopenia and thrombocytopenia occasionally 
have been reported. Decreases in platelet counts, usually to 
50,000-100,000/mm3 infrequently lower, have been occasionally 
reported in patients taking NOLVADEX for breast cancer. In 

patients with significant thrombocytopenia, rare hemorrhagic 
episodes have occurred, but it is uncertain if these episodes are 
due to NOLVADEX therapy. 

Information for Patients: Women taking NOLVADEX should be 
instructed to report abnormal vaginal bleeding which should be 
promptly investigated. 

Laboratory Tests: Periodic complete blood counts, including platelet 
counts, may be appropriate. 

Drug Interactions: When NOLVADEX is used in combination with 
coumarin-type anticoagulants, a significant increase in anticoagulant 
effect may occur. Where such coadministration exists, careful 
monitoring of the patient's prothrombin time is recommended. 





NOLVADEX® (tamoxifen citrate) 


Drug/Laboratory Testing Interactions: During postmasketing 
surveillance, T, elevations were reported for a few postmenopausal 
patients which may be explained by increases in thyroid-binding 
globulin. These elevations were not accompanied by ci nical 
hyperthyroidism. 

Variations in the karyopyknotic index on vaginal smears and 
various degrees of estrogen effect on Pap smears have been 
infrequently seen in postmenopausal patients given NCLVADEX. 

In the postmarketing experience with NOLVADEX, intrequent 
cases of hyperlipidemias have been reported. Periodic monitoring 
of plasma triglycerides and cholesterol may be indicated in patients 
with preexisting hyperlipidemias. 

Carcinogenesis: A conventional carcinogenesis study in rats (doses 
of 5, 20, and 35 mg/kg/day for up to 2 years) revealed hepatocellular 
carcinoma at all doses, and the incidence of these tumors was 
significantly greater among rats given 20 or 35 mg/kc/day (69%) 
than those given 5 mg/kg/day (14%). The incidence cf these 
tumors in rats given 5 mg/kg/day (29.5 mg/m2) was significantly 
greater than in controls. 

In addition, preliminary data from 2 independent reoorts of 
6-month studies in rats reveal liver tumors which in 072 study are 
classified as malignant. 

Endocrine changes in immature and mature mice were investi- 
gated in a 13-month study. Granulosa cell ovarian tumors and 
interstitial cell testicular tumors were found in mice receiving 
NOLVADEX, but not in the controls. 

Mutagenesis: No genotoxic potential has been found ia a battery of 
in vivo and in vitro tests with pro- and eukaryotic test systems with 
drug metabolizing systems present. 

Impairment of Fertility: Fertility in female rats was decreased 
following administration of 0.04 mg/kg for 2 weeks prio” to mating 
through day 7 of pregnancy. There was a decreased number of 
implantations, and all fetuses were found dead. 

Following administration to rats of 0.16 mg/kg from cays 7-17 of 
pregnancy, there were increased numbers of fetal deaths. Adminis- 
tration of 0.125 mg/kg to rabbits during days 6-18 of pregnancy re- 
sulted in abortion or premature delivery. Fetal deaths occurred at 
higher doses. There were no teratogenic changes in either rat or 
rabbit segment II studies. Several pregnant marmosets were dosed 
with 10 mg/kg/day either during organogenesis or in the last half of 
pregnancy. No deformations were seen, and although the dose was 
high enough to terminate pregnancy in some animals ‘hose that 
did maintain pregnancy showed no evidence of teratogenic malfor- 
mations. Rats given 0.16 mg/kg from day 17 of pregnancy to 1 day 
before weaning demonstrated increased numbers of dead pups at 
parturition. It was reported that some rat pups showed slower 
learning behavior, but this did not achieve statistical significance in 
one study, and in another study where significance was reported, 
this was obtained by comparing dosed animals with controls of 
another study. 

The recommended daily human dose of 20-40 mg corresponds 
to 0.4-0.8 mg/kg for an average 50 kg woman. 

Pregnancy Category D: See WARNINGS. 

Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions ia nursing 
infants from NOLVADEX, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account 
the importance of the drug to the mother. 

ADVERSE REACTIONS: Adverse reactions to NOLVADEX are 
relatively mild and rarely severe enough to require discentinuation 
of treatment. If adverse reactions are severe, it is sometimes 
possible to control them by a simple reduction of dosage without 
loss of control of the disease. 

In patients treated with NOLVADEX for metastatic breast cancer, 
the most frequent adverse reactions to NOLVADEX are not flashes 
and nausea and/or vomiting. These may occur in up to one-fourth 
ot patients. 

Less frequently reported adverse reactions are vaginal bleeding, 
vaginal discharge, menstrual irregularities, and skin rēsn. Usually 
these have not been of sufficient severity to require dosage 
reduction or discontinuation of treatment. 

Increased bone and tumor pain and, also, local disease flare have 
occurred, which are sometimes associated with a gocc tumor 
response. Patients with increased bone pain may requise additional 
analgesics. Patients with soft tissue disease may have sudden 
increases in the size of preexisting lesions, sometimes associated 
with marked erythema within and surrounding the les ans and/or 
the development of new lesions. When they occur, the done pain or 
disease flare are seen shortly after starting NOLVADE». and 
generally subside rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, peritus vulvae, 
depression, dizziness, light-headedness and headache. 

There have been infrequent reports of thromboembolic events 
occurring during NOLVADEX therapy. Since for cancer patients in 
general an increased incidence of thromboembolic events is known 
to occur, a causal relationship to NOLVADEX remains cenjectural. 
An increased incidence has been reported when cytotoxic agents 
are combined with NOLVADEX. 

Ovarian cysts have been observed in a small number of premeno- 
pausal patients with advanced breast cancer who have deen treated 
with NOLVADEX. 

Continued clinical studies have resulted in further infermation 
which better indicates the incidence of adverse reactions with 
NOLVADEX as compared to placebo. 

in the ongoing NSABP study B-14, patients with axillary node- 
negative breast cancer were randomized to 5 years of NOLVADEX or 
placebo following primary surgery. The reported adverse effects are 
tabulated below (mean follow-up of 29 months). The incidence of 
hot flashes (57% v 41%), vaginal discharge (24% v 12%), and 
irregular menses (19% v 15%) were higher with NOLWADEX 
compared with placebo. The incidence of all other adverse effects 


References: 1. Holland R, Verbeek ALM. Prognostic assessment in node-negative breast cancer patients. J Clin Oncol. 
1990:8:1451-1453. Editorial. 2. National Institutes of Health Consensus Development Conference Statement: Treatment of 


Early Stage Breast Cancer. June 18-21, 1990. 3. Fisher B, Costantino J, Redmond C, et al. A randomized clinica! trial 
evaluating tamoxifen in the treatment of patients with node-negative breast cancer who have estrogen-receptor-positive 
tumors. N Eng! J Med. 1989;320:479-484. 4. Breast Cancer Trials Committee. Adjuvant tamoxifen in the managen ent of 
operable breast cancer: the Scottish trial. Lancet. 1987;2:171-175. 
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were similar in the two treatment groups with the exception of 
thromboembolic events (phlebitis), which although rare, were more 
common with NOLVADEX than with placebo. 


NSABP B-14 STUDY 
No. of Patients (%) 

NOLVADEX Placebo 
Adverse Effect (n = 1376) (n = 1396) 
Hot flashes 787 (57) 566 (41) 
Fluid retention 339 (25) 326 (23) 
Vaginal discharge 330 (24) 160 (12) 
Irregular menses 264 (19) 203 (15) 
Nausea 255. (19) 235. (17) 
Skin rash 180 (13) 150 = (11) 
Diarrhea 106 (8) 129 (9) 
Vomiting 25 (2) 16 (1) 
Phiebitis 15 (1) 2 (<1) 
Thrombocytopenia” 10 (1) 4 (<1) 
Leukopenia** 7 (1) 10 (1) 


"Defined as a platelet count of < 100,000/mm* 
**Defined as a white blood cell count of < 3000/mm? 


In the Eastern Cooperative Oncology Group (ECOG) adjuvant 
breast cancer trial, NOLVADEX or placebo was administered for 
2 years to patients following mastectomy. When compared to 
placebo, NOLVADEX showed a significantly higher incidence of hot 
flashes (19% versus 8% for placebo). The incidence of all other 
adverse reactions was similar in the 2 treatment groups with the 
exception of thrombocytopenia where the incidence for NOLVADEX 
was 10% versus 3% for placebo, an observation of borderline 
Statistical significance. 

The other adverse reactions reported equally in the ECOG study 
for NOLVADEX and placebo include abnormal renal function tests, 
fatigue, dyspnea, anorexia, cough, and abdominal cramps. A 
relationship of these reactions to the administration of NOLVADEX 
has not been demonstrated since the frequency was not significantly 
different from that reported in placebo treated patients. 

In other adjuvant studies, Toronto and NOLVADEX Adjuvant Trial 
Organization (NATO), patients received either NOLVADEX or no 
therapy. In the Toronto study, hot flashes and nausea and/or 
vomiting were observed in 29% and 19% of patients, respectively, 
for NOLVADEX versus 1% and 0% in the untreated group. In the 
NATO trial, hot flashes, nausea and/or vomiting and vaginal bleeding 
were reported in 2.8%, 2.1% and 2.0% of patients, respectively, for 
NOLVADEX versus 0.2% for each in the untreated group. 

The following table summarizes the incidence of adverse 
reactions reported at a frequency of 2% or greater from Clinical 
trials (Ingle, Pritchard, Buchanan) which compared NOLVADEX 
therapy to ovarian ablation in premenopausal patients with 
metastatic breast cancer. 


NOLVADEX OVARIAN ABLATION 
All Effects All Effects 
Number of Number of 
Patients (%) Patients (%) 
Adverse Reactions” n = 104 n = 100 
Flush 34 (32.7) 46 (46) 
Amenorrhea 17 (16.3) 69 (69) 
Altered Menses 13 (12.5) S i) 
Oligomenorrhea 9 (8.7) 1 (1) 
Bone Pain 6 (5.7) 6 (6) 
Menstrual Disorder 6 (5.7) 4 (4) 
Nausea 5 (4.8) 4 (4) 
Cough/Coughing 4 (3.8) i (1) 
Edema 4 (3.8) 1 (1) 
Fatigue 4 (3.8) 1 (1) 
Musculoskeletal Pain 3 (2.8) 0 (0) 
Pain 3 (2.8) 4 (4) 
Ovarian Cyst(s) 3 (2.8) 2 (2) 
Depression 2 = (1.9) 2 = (2) 
Abdominal Cramps 1 (1) 2 (2) 
Anorexia Tt (1) 2 (2) 


*Some patients had more than one adverse reaction. 


OVERDOSAGE: Acute overdosage in humans has not been 

reported. Signs observed at the highest doses following studies to 
determine LDso in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known, 
treatment must be symptomatic. 

DOSAGE AND ADMINISTRATION: One or two 10 mg tablets twice a 
day (morning and evening). In three single agent adjuvant studies, 
one 10 mg NOLVADEX tablet was administered two (ECOG and NATO) 
or three (Toronto) times a day for 2 years (See Clinical Pharmacology). 
in the ongoing NSABP study B-14, one 10 mg NOLVADEX tablet is 
being given twice a day for 5 years. The optimal duration of adjuvant 
therapy is not known. 

HOW SUPPLIED: Tablets containing tamoxifen as the citrate in an 
amount equivalent to 10 mg of tamoxifen (round, biconvex, 
uncoated, white tablet identified with NOLVADEX 600 debossed on 
one side and a cameo debossed on the other side) are supplied in 
bottles of 60 tablets and 250 tablets. Protect from heat and light. 
NDC 0310-0600. Rev E 11/91 
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A book for today...and tomorrow. 


As surgical research enters the era of molecular biology, changing 
the way we think about injury and disease, progress demands new 
concepts and strategies. Meeting this challenge, Surgery: Scientific 
Principles and Practice integrates the basic sciences with clinical 
surgery for a totally modern perspective. 


= A major section devoted to basic topics includes cell structure and 
function, metabolism, inflammation, infection, oncology, wound healing, 
tumor biology, transplant/immunology, and much more 


m A thorough examination of organ systems with a modern approach to 
diagnosis and management of disease, including graphic descriptions of 
surgical techniques. 

= Contributions are from authors who are scientifically sophisticated, ğ 


active current contributors to the field, many of whom have authored 
seminal papers in their discipline. 






2,080 Pages. 











1,890 Illustrations. = Outstanding line illustrations, enhanced with color high- PARES S 

September 1992. lighting offer a uniformity of quality and presentation for. ——_ 

ISBN-0-397-51121-3. maximal clarity and effectiveness. — J 
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Targets clinically important aerobic and anaerobic 
pathogens’ for more confidence in presumptive therapy 


@ 





Proved highly effective in mixed infections*” 
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Combats bacterial resistance with B-lactamase inhibition 


antibiotic power 
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Provides established penicillin-class safety 
—UNASYN is contraindicated in penicillin-allergic 
patients 
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(ampicillin sodium/sulbactam sodium) 1.5 or 3g q6h 


1. Data available on request from Roerig. 2. Hemsell DL, Wendel GD, Hemsell PG: Combating beta-lactamase 
enzyme—principal defense mechanism of many pelvic infection pathogens. Presented as a scientific exhibit at 
the Thirty-Sixth Annual Clinical Meeting of the American College of Obstetricians and Gynecologists. Boston, 
May 2-4, 1988. 3. Senft H-H, Stigimayer R, Eibach HW, et al: Sulbactam/ampicillin versus cefoxitin in the 
treatment of obstetric and gynaecological infections. Drugs 1986;31(suppi 2):18-21. 4. Newton ER, Gibbs RS: 
Treatment of postpartum endometritis: A comparison of ampicillin/sulbactam vs. gentamicin plus clindamy- 
cin. Presented as a scientific exhibit at the Thirty-Sixth Annual Clinical Meeting of the American College of Ob- 
stetricians and Gynecologists, Boston, May 2-4, 1988. 5. Gunning J: A comparison of parenteral sulbactam/ 
ampicillin versus clindamycin/gentamicin in the treatment of pelvic inflammatory disease. Drugs 1986; 
31(supp! 2):14-17. 6. Ampicillin/sulbactam (Unasyn). Med Lett Drugs Ther 1987:29(August 28):79-81. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 
microorganisms in the conditions listed below. 

Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 
aureus, Escherichia coli,* Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis, * Bacteroides 
fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus. * 

intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 
spp. (including K. pneumoniae*), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 
Gynecological Infections caused by beta-lactamase producing strains of Escherichia coli,* and 
Bacteroides spp.* (including B. fragilis*). 

*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 

While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 
susceptible organisms are also amenable to treatment with UNASYN due to its ampicillin content. 
Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 
organisms susceptible to UNASYN should not require the addition of another antibiotic. 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 
the penicillins. 


WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 
TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 
CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 
CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER 
ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 
Thus, ampicillin class antibiotics should not be administered to patients with mononucleosis. In patients 
treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 
kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 
drug should be discontinued and/or appropriate therapy instituted. 

Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™., Benedict's Solution or Fehling’s Solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 
Testape™ ) be used. Following administration of ampicillin to pregnant women, a transient decrease in 
plasma concentration of total conjugated estriol, ——e conjugated estrone and estradiol 
has been noted. This effect may also occur with UNASYN. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 
performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy 
Pregnancy Category B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of contrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported 
Local Adverse Reactions 

Pain at IM injection site—16% Pain at IV injection site-—3% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 
2% of the patients. 
Additional systemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported during clinical trials 


were: 

Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 

Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 

increased lymphocytes, monocytes, basophils, eosinophils, and platelets 

Blood Chemistry: Decreased serum albumin and total proteins. 

Renal: Increased BUN and creatinine. 

Urinalysis: Presence of RBC’s and hyaline casts in urine. 
The following adverse reactions have been reported with ampicillin-class antibiotics and can also occur 
with UNASYN. 
Gastrointestinal: Gastritis, stomatitis, black “hairy” tongue, enterocolitis and pseudomembranous 
colitis. 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 
Hematologic: In addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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Management of Diabetic Midfoot Ulcers 





T. JEFFERY WIEMAN, M.D., F.A.C.S., GARETH D. GRIFFITHS, F.R.C.S., and HIRAM C. POLK, JR., M.D., F.A.C.S. 


Diabetic midfoot ulcers are caused by bone and joint disruption 
that occur as a consequence of progressive peripheral neuropathy 
associated with this disease. This results in osseus deformities 
and areas of high pressure on the plantar surface of the midfoot, 
which cause the ulcers. These lesions are difficult to heal and 
frequently lead to amputation. In a series of 348 patients, 40 
developed 54 midfoot ulcers. Limb preservation was achieved in 
33 (61%). Wound closure was achieved in 32 (60%). The am- 
putation rate was highest (83%) in the 10 of 12 patients with 
peripheral vascular disease. Successful therapy for limb pres- 
eryation most often included an operation combining resection 
of underlying osseus deformities with debridement of affected 
soft tissues. 


ations is a major challenge for surgeons. The ul- 

cers tend to be quite resistant to traditional 
methods of treatment and frequently require amputation. 
Ulcers occur in patients with long-standing diabetes who 
have other severe complications related to their diabetes, 
including retinopathy, nephropathy, obesity, and periph- 
eral vascular disease. This pattern of multiorgan destruc- 
tion tends to make the management of the ulcers even 
more difficult than it might be if they were the scle man- 
ifestation of the disease process. The ulcers also create 
significant social and economic morbidity because ap- 
proximately 10% of the United States diabetic population 
(5-10 million people) will be affected at some time in 
their lives.! 

In the last 10 years, better understanding of the cause 
of the ulcerations?‘ has led to more precise and more 
successful treatment, particularly of those lesions located 
in the forefoot.” Ulcers located on the heel and in the 
midfoot region have remained resistant to successful 
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Louisville, Kentucky 


treatment. Heel ulcers constitute 7.5% of plantar ulcers 
in our diabetic population. Commonly they develop in 
severely debilitated and nonmobile patients. Midfoot ul- 
cers constitute about 20% of foot ulcers and are most 
often found in ambulatory patients. They usually occur 
on the medial aspect of the foot, an area normally oc- 
cupied by the arch. These individuals become severely 
functionally debilitated as the ulcers progress. We have 
reviewed our experience in the management of patients 
who had midfoot ulcers treated at the University of 
Louisville Affiliated Hospitals between 1985 and 1991. 


Methods 


A retrospective analysis was performed on the records 
of diabetic patients who had midfoot ulcers treated at the 
Diabetic Foot Clinic of the University of Louisville Afl- 
iated Hospitals. Information was compiled regarding age, 
sex, duration of diabetes, neuropathy, retinopathy, renal 
function, peripheral vascular disease, smoking habits, foot 
ulcer history, and details of treatment. These patients were 
seen, examined, and treated in a clinic dedicated to the 
treatment of patients with diabetic neuropathic foot dis- 
orders. The care and operative procedures were supervised 
or performed by a single surgeon, ensuring reasonable 
uniformity in management. 

A number of different types of treatment were at- 
tempted in an effort to heal the midfoot ulcers. The treat- 
ments ranged from total non—weight-bearing and me- 
chanical debridement to extended periods of external fix- 


ation with orthopedic appliances. In many cases several 


types of treatment were applied to the same patient in an 
attempt to heal the wound. Total contact casting was not 
used because of previous problems related to patient 
compliance and the fact that it did not address the un- 
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derlying cause of the ulcer, in other words, pressure ne- 
crosis related to anesthesia of the foot and progressive 
skeletal architectural disruption. Attempts to correct the 
skeletal architecture led to the introduction of an opera- 
tion in which the contour of the arch was restored, thereby 
reducing the pressure on the ulcer bed. 

A skin incision was made on the medial aspect of the 
foot above the ulcer (Fig. 1B). The base of the first meta- 
tarsal, the cuneiform, and any other bone thought to be 
involved in creating increased pressure were exposed (Fig. 
IC). An osteotome then is used to remove the promi- 
nences and restore the arch to a relatively normal contour. 
A closed suction drain then was placed and the wound 
was closed (Fig. 1D). Necrotic tissue was excised from the 
ulcer bed and margins at the end of the procedure. A 
single preoperative dose of antibiotics of a second-gen- 
eration cephalosporin was used as prophylaxis against in- 
fection. The patient was allowed limited weight bearing 
the next day and thereafter until the ulcer was healed and 
the patient fitted with protective footwear, such as extra- 
depth or custom-molded shoes. 


Results 


During the 6-year period under study, 40 patients with 
54 midfoot ulcers were evaluated. The mean age of the 
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patients was 60.2 + 1.8 years and the average duration of 
diabetes before ulceration was 18.1 + 1.6 years; 17 were 
women and 23 were men; 34 patients were insulin de- 
pendent. 

Methods of treatment employed included non—weight- 
bearing and debridement, external fixation, primary am- 
putation, and bone resection or a combination of these 
methods. The mean time for which the ulcers had been 
present before treatment in this clinic began was 212 
+ 179 daws. Twenty-one limbs were lost (39%). No limbs 
were lost within 30 days of the midfoot operation. The 
major reason for amputation was combined infection and 
peripheral vascular disease (10 of 12). The patients healed 
in a mean time of 129 + 62 days after treatment was 
initiated. The patients were followed for a mean time of 
38 + 36 months after initial closure. Two of the ulcers 
recurred during that time. Additionally, two of the limbs 
were lost to ischemic complications approximately 2 years 
after the ulcers had healed. There was one complication 
related to resection of bone in the midfoot, a wound de- 
hiscence 3 weeks after operation. In that patient, the ulcer 
healed without difficulty but the operative wound had not 
healed in 10 months. 

Table 1 provides information regarding the status of 
the patients with respect to the presence or absence of 
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Fic. 1. (A-D) Technique of osseus resection of the midfoot ulcers. 
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TABLE 1. Co-existing Conditions in Patients With Midfoo: Ulcers 


Present Absent Unknown Value 
Retinopathy 8 22 10 
Peripheral vascular disease 23 17 — 
Nephropathy 34 5 I 
Smoking i7 16 7 
Blood urea nitrogen (mg/dL) 30.61 + 4.8 
Creatinine (mg/dL) 2.78 + 0.56 


retinopathy, impaired renal status, peripheral vascular 
disease, and smoking history. Only peripheral vascular 
disease was related to an unfavorable outcome. Peripheral 
vascular disease was defined as the presence of ischemic 
symptoms on walking or the absence of pedal pulses. Pa- 
tients without peripheral vascular disease did not suffer 
from claudication and had palpable pedal pulses. Impaired 
renal function was indicated by a serum creatinine level 
of more than 1.33 mg/dL or a creatinine clearance less 
than 1.17 mL/second. 


Discussion 


Previous papers from this institution have dealt with 
the general cause of foot ulceration in the diabetic pa- 
tient.°-’ The particular problem of midfoot ulcers has not 
previously been addressed as an isolated entity, yet is a 
common problem that causes significant hardship in a 
group of potentially functionally independent patients. 

The primary cause of midfoot ulcers is the neuropathic 
degeneration of the peripheral nerves caused by metabolic 
disturbances and is likely exacerbated by nerve entrap- 
ment.® Neurologic deterioration, particularly of the pain 
and proprioceptive elements of the nerves, leads to hy- 
perextension and ultimately disruption of the skeletal 
components of the foot. This may occur through hyper- 
extension of the joint capsules or through avulsion of the 
tendons supporting the arch (Fig. 2). Disruption of the 
normal osseous architecture of the foot (Charcot degen- 
eration) leads to the development of high-pressure zones 
on the plantar surface of the foot. The areas of high pres- 
sure ultimately lead to tissue breakdown and ulcer for- 
mation.” !! The process can be exacerbated by vascular 
insufficiency and renal impairment. It is unclear why one 
patient will develop ulcers on the forefoot and another in 
the midfoot. It may be that the midfoot lesions are related 
to more severe disruption that occurs with progressive 
disease, because midfoot lesions occur later after the onset 
of diabetes than forefoot ulcers (18.2 versus 11.4 years). 

Midfoot ulcers are notably more difficult to manage 
successfully, as is indicated by their higher amputation 
rate, 39% versus 6.8% in forefoot ulcers. A variety of 
methods of treatment have been advocated, varying from 
total non—weight-bearing and total contact casting to triple 
arthrodeses and primary amputation.'*-'* A comparison 
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of the efficacy of different treatments has been difficult 
because of the variable manifestations of the disease pro- 
cess, the lack of large series of patients treated uniformly, 
and until recently a poor overall understanding of the 
disease process itself. 

The results presented herein indicate that it is possible 
to obtain long-term healing of midfoot ulcers and that it 
is possible to do so by removing the pressure points of 
stress, which are the proximate cause of the lesions. The 
results also indicate that the wounds will remain healed 
if properly treated and if proper care is given to the feet 
subsequent to the operation. It should be noted that the 
patients in our study are regularly followed whether they 
have active foot pathology or not. We have previously 
shown that such efforts lead to fewer ulcer recurrences. 
Certain technical features of the operation require com- 
ment. The location of the incision is such that the vascular 
supply to the foot is not disturbed. Care must be taken 
not to disrupt either the dorsalis pedis artery or major 
venous routes on the dorsum of the foot. Clearly the aim 
in protecting the artery is to prevent ischemia. Preserva- 
tion of the vein will be of value if a later in situ distal 
revascularization is required. The use of a separate incision 
rather than proceeding through the ulcer bed serves two 
purposes. First, there is less potential for contaminating 
bone through a clean incision, and secondly, keeping the 
incision off of the plantar surface of the foot diminishes 
the scar formation and risk of creating another high-pres- 
sure zone subject to further ulcer formation. 

One potential criticism of the operation is that joint 
spaces are opened and that chronic draining wounds with 
the potential for infection may be created. Our experience 
has been that if the surgical wounds are drained after op- 
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FIG. 2. Peroneus longus support of midfoot architecture. 
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eration, with a closed system until no further fluid is re- 
trieved, a chronic joint fluid leak will not develop. Gen- 
erally a drain is required for 48 to 96 hours after operation. 

Because we minimize restrictions on weight bearing, it 
is Important that the sutures be left in place for 3 weeks. 
Our early experience in operating on feet was that if major 
stress is applied to a wound in the first 2 weeks, disruption 
is common. Clearly that is unacceptable in wounds with 
a high risk of infection, particularly bone infection. 

Finally the question must be raised as to whether the 
resection of bone can really be considered a permanent 
solution to what appears to be a continuing disruption of 
the skeleton of the foot. First, it is clear that sufficient 
bone must be removed at the operation to allow initial 
healing. There 1s no quantitative wav of describing this 
part of the operation. As a basic rule, we visually re-create 
the arch of the foot (Fig. 1D). This is done by cutting 
along a gently curving line parallel with the inferior margin 
of the metatarsal shaft, ending at the base of the calcaneus. 
The depth of bone removed is likewise estimated by 
imagining a funnel-shaped cavity extending % to '/; of the 
way through the foot at the level of the arch from medial 
to lateral. 

The ultimate proof that this operation reduces pressure 
on the weight-bearing surfaces and thereby allows healing 
has not been demonstrated for these specific lesions; how- 
ever, there is much evidence from other foot pressure 
measurements that this is indeed the case. The fact that 
there have been only two ulcer recurrences after this op- 
eration is reasonable proof that the method is effective. 
The fact that no limbs were lost as a consequence of the 
operation indicates its safety. 

In conclusion, midfoot neuropathic ulcers represent a 
difficult management problem. When they present in pa- 
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Dr. J. D. ASHMORE (Greenville, South Carolina): Dr. Britt, Dr. Jones, 
I rise and congratulate the Louisville group again for excellent work on 
a very difficult subject. At home, though, we see very few midfoot, but 
a whole lot of forefoot, ulcerations. Just recently there was an article in 
JAMA from Mt. Sinai where they did trochar bone biopsies, and most 
of these were forefoot ulcers. And there is a 68% incidence of osteomyelitis 
by culture. And I would like to ask the authors if they have cultured the 
bone they removed at the time of surgery and what role osteomyelitis 
plays in failure to heal. 


Dr. BOB RYAN (Pensacola, Florida): Dr. Britt and Dr. Jones, this 
problem has been addressed very nicely, and I congratulate the group 
on identifying a specific problem, studying, and finding the cause of the 
problem, eliminating that problem, and the resulting healing. Yet, with 
any ulcer in an area where there is a compromised circulation, systemic 
antibiotics are of limited use, because you cannot get effective levels 
there; thus, a slow healing. In plastic surgery, we had a similar problem 
with the rare otoplasty that became infected. With adequate drainage, 
and removal of foreign bodies, the standard surgical care is instituted. 
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tients with long-standing diabetes and peripheral vascular 
disease, the outcome will likely be an amputation. The 
correction of the skeletal deformity when combined with 
local wound care and regular postoperative foot care can 
lead to ulcer healing and useful extremities without pro- 
longed periods of non—weight-bearing that may be difficult 
for this group of patients to tolerate. 
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But with the impaired circulation of the skeletonized cartilage, systemic 
antibiotics rarely help, and often the wound would go on to a disastrous 
consequence with melting away of the cartilage from the infection. This 
problem was solved by Rapaport and his associates and reported in the 
Plastic Surgery Journal several years ago. With the use of ionophoresis, 
you can drive in big doses of antibiotics, clear the infection, and achieve 
rapid healing with minima! deformity in the affected otoplasty. Could 
you speed up healing in these diabetic ulcers if you put a foot into a 
bucket of water with a zillion units of penicillin in it and then use ion- 
ophoresis to drive in the antibiotic? Would this speed up the healing 
process? Your physical therapy department has the equipment and can 
do this for you. Again, I want to thank you for the opportunity of dis- 
cussing this paper. 


Dr. SUMAN K. Das (Jackson, Mississippi): Dr. Britt, Dr. Jones, Mem- 
bers and Guests, my compliments to Dr. Polk and his co-workers for 
presenting such a large series of diabetic midfoot ulcers and highlighting 
the difficulty in managing these problem cases. They have emphasized 
again the basic pathologies, the neuropathy, pressure, infection, and vas- 
cular ischemic factors. They also have identified a core of patients with 
proximal vascular pathology who are at high risk. But we believe that 
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diminished or lack of sensation is the most important initiating factor. 
Keeping that in mind, I would like to share an observation with you. 
This is an x-ray of the foot of a 52-year-old unstable diabetic with 
midfoot large ulcers. He has recurrent ulceration, as you can see. He has 
good peripheral pulse. The size of the ulcer was 6 cm by 1C cm. We 
decided to reconstruct it with a different forum by not only bringing the 
skin but bringing sensation with it. That, we believe, is the primary cause. 
We decided to reconstruct this with a lateral arm neurovascular free flap 
— this is skin. This is on exploration. Debridement of the foct is here, 
with removal of the necrosed bone. Here we are looking at the posterior 
tibial artery, posterior tibial nerve. We started by doing the decompression 
of the posterior tibial nerve along its extent and then transferred this 
flap by microvascular technique, vascularizing with an end-to-side anas- 
tomosis of the posterior tibial artery, then with venae comitantes, and 
one of the medial plantar nerves to two of the cutaneous nerves. That 
is, lap of cutaneous nerve to arm and forearm. This is at the conclusion 
of the surgery. This is at 6 months, The interesting finding is that the 
sensory evaluation of this foot at 6 months, the two-point discrimination 
of this area and this area are between 2.5 and 4 cm, even though there 
is Marginal improvement. But the significant finding was that the two- 
point discrimination of this island of skin that has been transplanted is 
15 mm. This allowed the patient to be ambulatory without breaking 
down of the feet, even though he died a year later of massive coronary. 
With that preamble, my question to you, Dr. Polk is, is there any 
correlation between the sensory loss and the extent and the recurrent 
nature of this ulcer as well as the time taken to heal this ulcer? My thanks 
to the Association for the privilege of discussing this paper. Thank you. 


Dr. JOHN CLASSEN (Baltimore, Maryland): Dr. Britt, Dr. Jones, I 
want to thank Dr. Polk for giving me the privilege of reviewing this paper 
last evening, and I think he should be congratulated for his fine work 
and the excellent results. Such results can be obtained only in a well- 
organized clinic where few surgeons with great expertise work. I would 
like to ask Dr. Polk, under what department does this function? What 
disciplines make up the staff of this clinic? For the past 40 years I have 
had a dynamic interest in neurotropic arthropathy with ulceration. In 
1966, as a new member, I gave my first paper here on that subject. My 
partner, George Finney, wanted to discuss what we should talk about, 
and I suggested Dodd’s posterior perforator syndrome or neurotropic 
arthropathy. Because the patients came mostly from Hopkins clinic, he 
suggested I talk to Dr. Blaylock. I went in Dr. Blaylock’s office, and he 
said, “Nobody wants to hear about veins; I’d talk about the other thing, 
but Pm not sure they will know what you’re talking about.” I gave the 
paper just before the banquet, and I am not sure anybody did know 
what I was talking about. But in 1966 I pointed out that rocker ulcers 
of the midfoot were the most challenging. An aggressive surgical approach 
might lead to more amputations than did the natural history of the disease. 
I think except in the hands of a skilled few, this may be right. I concur 
with Dr. Polk’s concept of the pathophysiology leading to destruction 
of the midfoot, but not with the concept of developing the ulcer through 
pure necrosis. I believe that these ulcers develop from bits of cartilage 
and bone breaking through, migrating through the plantar fascie sub- 
cutaneous skin as the joint moves back and forth. The fact that simple 
casting heals most of the ulcers rather rapidly, I believe, substantiates 
this. This slide shows a classical plantar ulcer that healed within 6 weeks. 
Obviously, this will recur. The authors point out that this is not proper 
treatment because it does not correct the basic defect. I think if you cast 
this long enough, eventually this will fuse and cure the problem. Un- 
fortunately, most of us do not have that patience. More recently we have 
come to the conclusion that you can treat this process in two ways. 
Certainly removing the bone is effective, as well documented toczy by 
Dr. Polk and his group, but so is fusing this foot. And more recently we 
have been reconstructing; as you can see, there is a graft placed on the 
lateral side of that foot that healed at first, then has gone in, then positioned 
properly, fused with those screws, and there is the result. This patient 
has gone 2 to 3 years without any recurrence of his ulcer, and we have 
had several others with equal follow-up. I might say that my experience 


over the 40 years during which I have averaged probably 10 patients — - 


not of this type, but of the forefoot — every day in the office has been 
that it is infrequent to find peripheral arterial insufficiency in these people. 


` I have seen people develop arterial insufficiency after they have had the 
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ulcer for a long time. I want to congratulate the authors again for this 
fine work, and I will be looking forward to further follow-up reports. I 
thank you. 


DR. GEORGE JOHNSON (Chapel Hill. North Carolina): Dr. Polk and 
his group continue to see things I have been looking at for a long time 
but never saw. This is a very relevant paper for those caring for these 
unfortunate patients. So often we attempt to achieve success with op- 
erations designed to preserve rather than to eradicate all the diseased 
tissue. These attempts often end up with repeated operations and long- 
term morbidity of the patient. The procedure they espouse, however, 
preserves normal soft tissue and radically removes the osteomyelitic bone. 

I have several questions. How did they use antibiotics? Were they 
organ-specific or broad-spectrum antibiotics used as shotgun therapy? 
Did they keep these patients on long-term antibiotics? What was the 
average hospital time? Some of ours stay in the hospital, it seems, for 
long periods of time. It took an average of 212 days for the wound to 
heal in their patients. How much of this time was spent in the hospital? 

Although revascularization was not mentioned in the abstract, I was 
delighted to see they emphasized its importance in the presentation. We 
often see attempts to treat these patients with an inadequate blood supply. 
I have tried to categorize our patients similar to the author’s method. 
Unfortunately, the many variables prevented me from making definitive 
conclusions, and all my efforts were for naught. I appreciate Dr. Polk 
attempting to separate a subgroup of these patients with specific rec- 
ommendations. Thank you very much. 


Dr. T. JEFFERY WIEMAN (Closing discussion): Dr. Britt, Dr. Jones, 
first of all, I would like to thank all of the discussants. I honestly had 
not anticipated that at this hour, and particularly on this subject, but I 
am very appreciative of everyone’s interest. 

First of all, Dr. Ashmore, with respect to osteomyelitis, without a 
biopsy, it is clinically extremely difficult to determine whether the process 
that is observed in these individuals is infectious or simply osteoarthritic 
in nature. And if we have evidence that the patients have previously had 
a regional or systemic infection or if there is evidence on x-ray that 
osteomyelitis is present, we certainly do culture the bone. We have not 
done so for every patient in this study, although I think one could make 
a strong case for that. 

Dr. Ryan, your comments and thoughts are certainly interesting and 
provoking. We would totally agree that systemic antibiotics can be in- 
effective in the person with distal peripheral vascular insufficiency. We 
have not used ionophoresis, but what I have begun to use is antibiotic 
beads. I cannot give you any results, but we do recognize the problem 
and are working along those lines. 

Dr. Das, that was a very interesting set of photographs and concept. 
And in principle, we would agree with your ideas regarding the origination 
of the problem in terms of neurologic or the insensate nature leading to 
bone and joint distraction and ultimate ulceration. There are a couple 
of interesting observations in this area, one by Dr. Lee Dellon, who has 
studied nerve conduction in these patients and who has theorized, based 
on both experimental and clinical work, that there is not only a metabolic 
component to the neuropathy but, in addition, a nerve entrapment syn- 
drome that, when combined with the metabolic neuropathy, leads to 
sufficient anesthesia to allow the ulceration to develop. Anecdotally, we 
have, in the course of operating on these patients, decompressed the 
number of nerves, the posterior tibial nerve in particular, and found that 
indeed the patients have regained a significant amount of sensation. We 
are continuing to pursue that course and are actually beginning a trial 
of nerve decompression. In looking at your photographs, I think it is 
possible that in the course of your transplant, you have, in effect, de- 
compressed, to some extent, the sensory nerves, and that may be a con- 
tributory element. We have hopes that that will allow the patients to 
regain or retain enough sensation, much like in the median nerve en- 
trapment syndrome, to allow preservation of function and prevention 
of ulceration. 

Dr. Classen, again, we are very much appreciative of your comments, 
and what an enormous experience. I only hope that I can have that kind 
of reflection at such a stage in my career. | have to admit that I had not 
thought about fragments of bone and cartilage. We have not observed 
those in our own series, but have not specifically looked for them. Our 
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clinic is developed within the department of general surgery and it is 
staffed by general surgeons, general surgical residents, and fellows. We, 
in addition, certainly use a good number of ancillary personnel and, 
when appropriate, we certainly do not hesitate to call on our colleagues 
who have other special skills. 

Dr. Johnson, regarding antibiotics, again, we use shotguns. Most of 
the organisms that are found fall within the range of what we use. I will 
say only one other thing about that: we do not use systemic aminogly- 
cosides. The risk of renal injury and perhaps ototoxicity in these patients 
is quite real, and I do not think it is worth it. How long do we use them? 
If the patient has not been infected, we use them only in the perioperative 
period. Of course, if there is evidence of ongoing infection, I may use 
them for a prolonged period, up to a month or 6 weeks. Regarding 
hospital time, the average hospital time for this group of patients in 
whom the operation was carried out electively is between 24 and 72 
hours. We try to keep the patients until their drains are pulled, no longer. 
Because of the technique we use, we have very loose limits on their 
mobility, which I think is extremely important for this group of patients, 
many of whom are obese, who spend a great deal of time going to other 
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doctors besdes us, not to mention dialysis, ophthalmologists, and this 
type of thirg. As for the question involving revascularization, we would 
consider it paramount. You cannot heal, as was demonstrated by poor 
results, those patients who have no blood supply. We find that, if the 
patients dc not have good blood supply initially, we want them revas- 
cularized tefore our attempts to reconstruct the arch. If not, we have 
occasional proceeded, generally with poor results. 

One fine. general comment. It stems from something that Dr. van 
Heerden sad this morning and that was echoed by Dr. Thompson. In 
beginning tis study, we looked through the literature. And in spite of 
the fact thet this is an extraordinarily common disease, it was very difficult 
to find entugh references to fill one page, let alone the 1500. I think 
perhaps thet is one justification for looking into this kind of thing. 

One comment to Dr. Polk, and that is that our association now has 
gone on fir over 20 years. I think that his stimulation itself has been 
exciting er ugh that I do not mind looking into more mundane problems 
occasiona `y. My life stays sufficiently excited as it is. I would like to 
thank the Society, Dr. Britt, and Dr. Jones for the opportunity to par- 
ticipate. 
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Since February 1, 1980, 515 morbidly obese patients have un- 
dergone the Greenville gastric bypass (GGB) operation. Of these, 
212 (41.2%) were euglycemic, 288 (55.9%) were either diabetic 
or had glucose intolerance, and 15 (2.9%) were unable to complete 
the evaluation. After the operation, only 30 (5.8%) patients re- 
mained diabetic (and 20 of these improved), 457 (88.7%) became 
and have remained euglycemic, and inadequate data prevented 
classification of the other 28 (5.4%). The patients who failed to 
return to normal glucose values were older and their diabetes 
was of longer duration than those who did. The effect of the 
GGB was not only limited to the correction of abnormal glucose 
levels. The GGB also corrected the abnormal levels of fasting 
insulin and glycosylated hemoglobin in a cohort of 52 consecutive 
severely obese patients with non—insulin-dependent diabetes. The 
GGB effectively controls weight. If morbid obesity is defined as 
100 pounds over ideal body weight, 89% of the patients are no 
longer “morbidly” obese within 2 years. In most patients, the 
control of the weight has been well maintained during the 11 
years of follow-up; most of the upward creep in weight of 20.8% 
between 24 and 132 months was from the 49 (9.5%) patients 
who had staple line breakdowns between the large and small 
gastric pouches. Non-—insulin-dependent diabetes, previously 
considered a chronic unrelenting disease, can be controlled in 
the severely obese by the gastric bypass. Whether the correction 
of glucose metabolism affects the complications of diabetes is 
unknown. Whether the gastric bypass should be considered for 
patients with advanced non-insulin-dependent diabetes but who 
are not severely obese deserves consideration. The GGB has an 
unacceptably high rate of staple line failure. Accordingly, the 
authors have recently changed their procedure to one that divides 
the stomach rather than partitions it with staples. 
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IABETES MELLITUS IS one of our most serious 
diseases. It accelerates the development of ath- 
erosclerosis, doubles the risk for stroke, and in- 
creases the risk of heart attacks twofold to threefold. 
Through its damage to the microvasculature, diabetes 
produces retinopathies, blindness, nephropathy, and 
neuropathy. In addition, there are broader systemic effects, 
such as the lessening of resistance to infection. The eco- 
nomic impact of the disease is enormous; in 1985 it was 
estimated to be $4 billion and may well be twice that high 
given the inflation in health care costs. Although the exact 
prevalence is unknown, the usual estimate is that 10 mil- 
lion Americans have the disease and, of these, 1.25 million 
take insulin, | to 1.5 million are on oral antidiabetic 
agents, and another two to three million are being man- 
aged by diet alone. Many remain undiagnosed. The dis- 
ease is generally classified into two groups: type I diabetes 
or insulin-dependent diabetes, which afflicts about 
200,000 to 300,000, and the far more common type II 
diabetes or non~insulin-dependent diabetes mellitus 
(NIDDM), which accounts for more than 95% of the 
cases.! 

The basis for the current treatment of NIDDM is the 
maintenance of euglycemia and normal insulin levels. 
This “control of the diabetes” is considered the best ap- 
proach to prevent the acute and chronic complications 





of diabetes and to ameliorate those changes that are al- 


ready present.? Unfortunately, euglycemia cannot be 
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achieved in most patients with NIDDM because they are 
usually overweight and resistant to dietary controls. In 
fact, their excess weight is a major factor in precipitating 
the overt diabetes, especially in those predisposed by 
heredity.? In Rochester, Minnesota, 59% of cases of di- 
abetes were diagnosed among men and women with a 
body mass index (BMI) greater than 28.3 kg/m?, and in 
the Nurses’ Health Study,’ 61% of the diabetic women 
aged 30 to 64 had BMIs of 29 kg/m? or more. Among 
these obese women, 94% of NIDDM prevalence was at- 
tributed to obesity. 

Over the last 11 years, we have treated 515 severely 
obese patients, most of whom demonstrated abnormalities 
of glucose and insulin metabolism, with surgery to control 
their weight. The operation, the Greenville gastric bypass 
(GGB), limits intake by the fashioning of a small gastric 
pouch, delays gastric emptying with a small outlet, and 
bypasses the foregut with a Roux-en-Y anastomosis. The 
procedure is effective: in addition to inducing long-term 
weight loss, it helps in the control of hypertension and 
returns many of those handicapped by severe obesity to 
functional effectiveness. 

Four years ago, we® reported that the GGB operation 
restored some of the severely obese patients with NIDDM 
to euglycemia. This article is a report of our continued 
studies of the effect of the procedure on the glucose and 
insulin metabolism of these patients. 


Materials and Methods: Clinical Studies 


From February 1, 1980 to August 1, 1991, 515 con- 
secutive morbidly obese patients (each exceeding their 
ideal body weight by 100 pounds or more) underwent the 
standardized GGB. 


Demographic Data 


The 515 patients included 359 white and 79 black 
women as well as 64 white and 13 black men. Of the 
group, 360 were married, 44 were divorced, 83 were single, 
18 were separated, and 10 were widows. The job status 
survey showed that 324 were employed and 191 were not. 


Diabetic Status 


The state of the diabetes was defined in accordance 
with the standards of the National Diabetes Data Group 
(Table 1).7 Of the 515 patients, 500 completed oral glucose 
tolerance tests; in 15 (2.9%), a lack of full data (because 
of a missing or suspicious sample in the glucose tolerance 
test curve) prevented accurate assessment. Of the 500 
evaluable patients, 212 (41.2%) were classified as normal, 
and 288 (55.9%) demonstrated abnormal glucose metab- 
olism. Of the 288 patients with abnormal glucose metab- 
olism, 137 (26.6%) were classified as NIDDM, 63 (12.2%) 
as glucose impaired, and 88 (17.1%) as undefined. 
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TABLE 1. Diagnostic Criteria for Diabetes Mellitus and Impaired 
Glucose Tolerance as Defined by the National Diabetes Data Group* 


Non-Insulin-dependent Diabetes Mellitus 


Criteria for diabetes mellitus: Diagnosis of diabetes mellitus in 
nonpregnant adults should be restricted to those who have one of 
the following: 

. Arandom plasma glucose level of 200 mg/dL or greater plus classic 

signs and symptoms of diabetes mellitus, including polydipsia, 

polyuria, polyphagia, and weight loss. 

A fasting plasma glucose level of 140 mg/dL or greater on at least 

two occasions. 

A fasting plasma glucose level of less than 140 mg/dL plus 

sustaired elevated plasma glucose levels during at least two oral 

glucose tolerance tests. The 2-hr sample and at least one other 

between 0 and 2 hr after the 75-g glucose dose should be 200 

mg/dL. or greater. Oral glucose tolerance testing is not necessary if 

the pacient has a fasting plasma glucose level of 140 mg/dL or 
greater. 


pmet 


w N 


Impaired Glucose Tolerance 


Criteria for impaired glucose tolerance: Diagnosis of impaired glucose 
tolerarce in nonpregnant adults should be restricted to those who 
have ail of the following: 

1. A fasting plasma glucose level of less than 140 mg/dL. 

2. A 2-h- oral glucose tolerance test plasma glucose level between 140 

and 200 mg/dL. 

3. An intervening oral glucose tolerance test plasma glucose value of 

20 mg/dL or greater. 


* We zave added another category, “undefined”: Those patients with 
abnormeél plasma glucose values but who do not fit into either of the 
above two groups. 


Patien: Selection and Eligibility 


Patiznts of either sex were considered eligible for in- 
clusion if they met the following criteria: (1) ages between 
18 and 65 years (although an exception was made for a 
girl of 16); (2) severely obese, in other words, they exceeded 
their ideal body weight as given in the midpoint of the 
1983 Metropolitan Life Insurance Tables by 100 pounds 
or mare; (3) suitable operative risks after evaluation of 
their physical and emotional status; (4) capable of un- 
derstanding the operation and the postoperative conse- 
quences and instructions; (5) agreement to long-term fol- 
low-up; (6) informed consent; and (7) funding for the sur- 
gery and the various required tests. Patients were excluded 
during the course of the evaluation if they (1) were not 
sufficizntly obese; (2) had a history of alcohol or substance 
abuse within the last 5 years; (3) had a history of severe 
psychiatric dysfunction, especially evidence of suicidal 
attempts, serious depression, or paranoia; and (4) had in- 
apprcepriate expectations of the surgery in spite of coun- 
seling, and met strong continued opposition by other 
family members. 


Preorerative Evaluation 


We have continued to decrease the intensity of our pre- 
operéetive evaluation over the i1 years of the study with 
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the elimination of those tests, such as levels of trace ele- 
ments, that have produced too few significant abnormal 
levels to warrant the effort and the expense. Our current 
approach includes the following examinations: 


1. complete history and physical examination with mea- 
surement of waist-to-hip ratios, body mass index (kg/ 
m7), and vital signs 

2. routine admission studies, including complete blood 

count, SMA-12, electrolytes, vitamin B2 level, thyroid- 
stimulating hormone, prothrombin time, partial 
thromboplastin time, urinalysis, posteroanterior and 
lateral chest roentgenograms, electrocardiogram 

. glucose tolerance test 

4. specialized tests for the evaluation of surgical risk, in- 
cluding pulmonary function testing and determination 
of anergy with skin tests (PPD, mumps, and fungus) 

5. immersion hydrostatic weighing to determine body 
composition 

6. the evaluation of mental health, physical function, and 
role function with a standardized interview with the 
project psychologist or psychiatrist 


U 


This description of our method is not intended to serve 
as a prescription for others treating severe obesity. We 
recognize that our evaluation, carried out to support our 
various studies, is more detailed and rigorous than would 
be needed in daily bariatric surgical practice. Even so, our 
patients have only rarely complained about the extent of 
the workup. It is our impression that most patients find 
the attention comforting rather than an annoyance. 


The Surgical Intervention: The Greenville Gastric Bypass 


We have carried out the identical operation, shown in 
Figure 1, as described by Pories,® a variation of the pro- 
cedure originally described by Mason and Ito,’ since Feb- 
ruary 1, 1980. Details in bariatric surgery often mean the 
difference between success and failure. The operation is 
technically demanding and the administration of the gen- 
eral anesthesia in these often huge individuals is a chal- 
lenge. In those patients with marginal cardiopulmonary 
function, the insertion of a Swan-Ganz catheter and pre- 
operative stabilization in an intensive care unit can reduce 
operative risk. A Gomez self-retaining retractor or one of 
the other retracting mechanisms that is clamped to the 
operating table is essential to achieve adequate exposure. 
The abdomen is entered through a high midline incision 
that extends around the umbilicus in most cases. If the 
exploration does not demonstrate contraindications to the 
procedure, the dissection around the upper portion of the 
stomach is begun by inserting the index finger gently into 
the angle at the cardia to the left of the esophagus. At this 
point there is a weak, thin area of the posterior peritoneum 
that is easily entered by the dissecting finger. The dissec- 
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Fic. 1. The Greenville gastric bypass. The operation creates a proximal 
gastric pouch of 20-30 mL by the placement of a transverse double row 
of staples that empties into a 40-cm jejunal limb through an 8-mm gas- 
troenterostomy. The high rate of staple line failure (9.5%) has led us 
recently to divide the stomach between the two staple lines. 


tion is gently continued behind the esophagus and cardia. 
The channel is complete when the finger is brought out, 
not at the right side of the esophagus, but just below the 
first arcade of branches from the left gastric artery about 
2.3 to 3.0 cm below the cardia. A large Malecot catheter, 


- from which the bulbous end has been cut, is used to pull 


one limb of the TA-90 four-—staple-line device through 
the passage. A proximal pouch measuring 4 cm in width 
and 1.5 cm in height is then separated from the stomach 
by firing the staples. A figure-ofeight 3-0 polypropylene 
suture 1s placed at the end of the staple line to close the 
ends securely and to serve as guy sutures during the anas- 
tomosis. The stomach is then divided by cutting between 
the two paired lines of staples, and both staple lines are 
then oversewn with 3—0 absorbable suture. (The division 
of the stomach is new: the partitioning of the stomachs 
of the 515 patients reported in this report was accom- 
plished with the stapler alone. The high incidence of staple 
line failure and the success of gastric division for revisions 
of failed gastric bypasses has convinced us that division 
is the better approach and, accordingly, on October 25, 
1991, we changed our protocol, altering our procedure 
for the first time in over 11 years.) The jejunum is divided 
at the apex of the first or second arcade (depending on 
which provides a longer Roux-en-Y limb), about 40 cm 
from the ligament of Treitz, with a cutting stapling device, 
and the distal end is then sutured to the gastric pouch. 
The anastomosis is sewn to fit snugly around a 0.8-cm 
Salem sump tube in two layers with continuous 3-0 poly- 
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propylene suture. The entero-enterostomy is then com- 
pleted by joining the proximal jejunum end-to-side to the 
distal jejunum with the cutting and the TA 55 staplers. It 
is Important to fasten the Roux loop to the mesocolon 
with several sutures to prevent an internal hernia and to 
oversew the bleeders inside the entero-enterostomy before 
closing the intestine. The abdomen is closed with a run- 
ning, double-stranded, !-absorbable monofilament suture. 
The skin is closed with skin staples without a subcutaneous 
suture line. The operation usually can be performed in 1 
to 2 hours; blood loss rarely exceeds 300 mL. 


Postoperative Care 


In general, the postoperative care of bariatric patients ` 


resembles that after standard abdominal surgery in high- 
risk patients and therefore will not be described in detail 
except to emphasize the need for prophyiactic antibiotics, 
careful monitoring of vital signs, fluid balance, and glucose 
metabolism, and the requirement for appropriate furni- 
ture and equipment to manage these massive patients. 
The first 24 hours are particularly critical because of the 
serious consequences of a leak or intra-abdominal infec- 
tion in the morbidly obese. If the pulse remains over 120 
for more than 4 hours without an evident reason, 1f there 
is a rise in body temperature to over 39 C (102 F), or if 
the patient looks ill in spite of normal signs, prompt 
emergency exploration and the addition of other anti- 
biotics may be needed. Examinations with the swallow of 
radiopaque materials to demonstrate leaks are not reliable 
and should not be used as a reason for failure to re-explore. 
Neglect of a perforation or intra-abdominal infection 1s 
associated with a high mortality rate. Patients generally 
spend the first night in the critical care unit or a monitored 
ward bed for close observation and then spend the rest of 
their hospital stay (usually a total of 5 to 6 days) on surgical 
wards. Nasogastric tubes are usually removed on the third 
day. When the patients pass flatus, they are begun on 
water at 1 oz/hour, followed by the addition of a high- 
protein fluid preparation, half-strength on the next day, 
and full-strength on the day of discharge. Patients are 
maintained on the full-strength preparation for 2 weeks 
and then advanced slowly to a regular diet. 


Follow-up 


Follow-up has been rigorous. Return visits are timed 
weekly for the first month, then every third month for a 
year, and for every 6 months for continuing follow-up. 
Over the 11 years we have maintained follow-up with all 
but 17 of the 515 patients (96.7%). 


Biopsies for Studies-of Insulin Action 


A 10-mL sample of venous blood and biopsies of fat, 
liver, muscle, and pancreas were obtained in several co- 
horts of patients in accordance with protocols approved 
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by the icstitutional review boards of the East Carolina 
University School of Medicine and the Pitt County Me- 
morial Hospital. The blood and cold steel biopsies were 
obtainec_as soon as the abdomen was opened and after a 
thorougE exploration showed no contraindications to the 
biopsies. The specimens of fat, measuring about 3 X 3 
xX 1 cm, were removed from (1) subcutaneous fat, (2) pro- 
peritoneal fat, and (3) omental fat. The liver samples, 
measuring 2 X 2 X 3 cm, were usually obtained from the 
leading edge of the left lobe, but sometimes from the right, 
depending on the exposure. Hemostasis and closure of 
the defect were obtained with serosal running sutures of 
3—0 absorbable braided suture. The strips of rectus muscle, 
measuring | X 0.5 X 3 cm were obtained by blunt ele- 
vation c= the fibers from the muscle bed, clamping these 
into a specially designed clamp to maintain their stretch, 
and tramsecting the fibers proximally and distally to the 
clamp. Fancreatic biopsies have only beén done recently. 
These s=mples, measuring 0.3 X 0.3 X 0.3 cm, were re- 
moved “rom the inferior side of the body of the pancreas 
after incising the peritoneum at the junction of the me- 
socolon. and the posterior peritoneum. After the removal 
of the specimen, the pancreatic capsule was closed with 
one suture of 3-0 monofilament absorbable suture and 
covered. with the peritoneum closed with the same ma- 
terial. To our knowledge, and after continuing rigorous 
review ~f our records, we know of no instance in which 
any of tne biopsies produced a complication. 

Our methods for isolating insulin-responsive human 
hepatocytes,!° human skeletal muscle,’' and human 
adipocy-es!* have been previously described. Results from 
these ix vitro studies have been recently reviewed by Caro 
and his associates. >? 


Results 
Contro. of Weight 


Weigut reduction in these patients has been dramatic 
and weil maintained over the 132 months of follow-up. 
Table 2 presents the weight loss of all 515 patients who 
have u-dergone the GGB in time intervals after surgery, 
in meaa weight in pounds, in mean percentage of excess 
weight loss, and in mean percentage of ideal body weight 
as indicated by the 1983 Metropolitan Life Insurance Ta- 
bles. If severe obesity is defined as 100 pounds over ideal 
weight. 89% of the patients are no longer “morbidly” obese 
within 2 years. Figure 2 demonstrates that there is some 
weight 2ain between 24 and 132 months (from a mean 
of 183 to 221 pounds or 20.8%), reflecting those 49 (9.5%) 
patients who had staple line breakdowns and others who 
learned to “outeat” their pouches with high-calorie liquids 
or conzinued snacking. 


“Reversal” of Diabetes 


' Table 3 shows that of the 500 severely obese patients 
who completed the oral glucose tolerance test and un- 





Vol, 215 + No. 6 SURGERY FOR DIABETES IN MORBID OBESITY 637 
TABLE 2. Weight Loss History With Greenville Gastric Bypass After 11 Years’ Follow-up 
% Excess % of Ideal 
Weight (Ib) Weight Lost Body Weight 
Time N* Mean (Range) Mean (Range) Mean (Range) 
Before operation 515 296 (196-565) 0 216 (140-327) 
3 mo 474 239 (124-490) 37 (6-103) 174 (97-307) 
6 mo 470 211 (100-441) 55 (0-137) 154 (73-282) 
12 mo 439 187 (104-466) 71 (13-124) 136 (85-268) 
24 mo 348 183 (105~367) 72 (9-116) 134 (88-248) 
36 mo 274 197 (112-411) 65 (—10-114) 142 (88-256) 
48 mo 248 199 (114-413) 61 (~22~112) 145 (87-253) 
60 mo 236 201 (107-428) 60 (—15~118) 147 (86-263) 
72 mo 201 203 (121-399) 58 (8-133) 148 (79-270) 
84 mo 172 203 (113-378) 59 (—10-109) 150 (94-273) 
96 mo 132 204 (130-357) 56 (8-97) 153 (103-259) 
108 mo 97 205 (125-392) 55 (6-95) 151 (104-276) 
120 mo 44 198 (130-350) 56 (9-106) 149 (97-226) 
132 mo 11 221 (174-346) 42 (29-58) 162 (139-212) 


* No. of patients with recorded weight within each time interval ranging from +15 days at 3 mo after operation to +5 mo at 11 yr after operation. 


derwent the GGB, 288 (57.6%) were either diabetic (137) 
or had glucose intolerance (151). Of the 137 patients with 
NIDDM, 107 (78.1%) went into clinical remission, 20 
(14.6%) improved, and eight (5.8%) demonstrated no 
change. Two patients (1.5%) died in the perioperative pe- 
riod and could not be evaluated. Of the 151 patients who 
were not classified as NIDDM but who had abnormal 
preoperative glucose values, 13 had no follow-up glucose 
data. Of the 138 who did, all but two (98.6%) maintained 
normal fasting blood glucose levels. The two (1.2%) who 
did not return to euglycemia progressed to NIDDM. 

Before surgery, 24 received insulin and another 25 were 
under treatment with oral antidiabetic agents. After sur- 
gery, three were subsequently placed on insulin and 11 
on the oral medications. 

The effect of the GGB is not limited to glucose levels 
alone. Table 4 demonstrates that the GGB corrected the 
abnormal levels of fasting blood glucose, fasting insulin, 
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Fic. 2. Weight loss induced by the gastric bypass is well maintained over 
the 132 months of observation. The modest upward creep by the I 1th 
year is primarily caused by the failure of the gastric staple lines. 


and glycosylated hemoglobin in a cohort of 52 consecutive 
severely obese patients with NIDDM. 

The 28 NIDDM patients who did not go into complete 
remission and the two glucose-impaired patients who 
progressed to NIDDM were examined in detail. Factors 
that may be associated with these failures include four 
patients with staple line breakdowns, two patients with 
gastric outlet dilatation, eight patients with rising weight 
that may be indicative of dietary indiscretion or undi- 
agnosed staple breakdown, one patient with Hodgkin’s 
disease, and one patient with severe arthritis and steroid- 
associated weight gain, leaving 15 patients without dis- 
cernible risk factors. 

Patients with good glucose control were about 8 years 
younger (41.9 + 1.9 versus 49.6 + 2.8 years), and their 
diabetes was of far shorter duration (1.75 + 0.69 versus 
8.79 + 2.8 years) than those patients who had poor glucose 
control. 

The level of preoperative fasting glucose also determines 
the degree of postoperative control, as shown in Figure 3. 
The patients with the higher postoperative glucose values 
experienced greater drops in fasting blood sugar than their 


TABLE 3. The Control of NIDDM With the Gastric Bypass (n = 515) 


Before After 
Operation Operation 
Euglycemic 212 (41.2%) 457 (88.7%) 
Hyperglycemic 288 (55.9%) 3D (5.8%) 
Non-—insulin-dependent 
diabetes mellitus 137 (26.6%) 
Impaired glucose tolerance 63 (12.2%) 
Undefined, but abnormal 88 (17.1%) 
Inadequate data 15 (2.9%) 28 (5.4%) 


NIDDM, non-insulin-dependent diabetes mellitus. 
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TABLE 4. The Correction of Abnormal Glucose Metabolism 
After the Gastric Bypass (n = 52) 


Before 1 Yr After 
Operation Operation 
Average weight (kg) 120.1 £ 4.4 83.0 + 3.3 
Fasting blood glucose (mg/dL) 212.3 + 20.8 LI7.s 115 
Fasting insulin (uM/mL) 448+ Zl 13.4+ 2.0 
HbAIc 10.8+ 6.6 64+ 0.2 . 


more normal counterparts, but leveled out at levels that 
were still abnormal. 

The improvements in insulin levels, glycosylated he- 
moglobin (HbA Ic), and glucose levels do not parallel each 


other consistently. In contrast to the insulin levels that. 


fall predictably after gastric bypass (Fig. 4), the levels of 
HbA ic (Fig. 5) and fasting blood sugar (Fig. 6) on the 
same group of patients show a much wider scatter. The 
reasons for this unexpected difference in the behavior of 
these diabetic indices is not clear. 

The glucose tolerance curves and fasting insulin levels 
were compared in 117 lean controls, 85 nondiabetic obese, 
39 glucose-impaired obese, 29 NIDDM obese with fasting 
blood sugar < 140 mg/dL, and 25 NIDDM obese with 
fasting blood sugar > 140 mg/dL. The data, shown in 
Figures 7 and 8, suggest that insulin production continues 
to rise with increasing insulin resistance until, finally, the 
beta cells fail to reach effective insulin production on de- 
mand and, as a consequence, blood glucose levels rise out 
of control. In short, the progression of the two diseases, 
NIDDM and obesity, parallel each other. The diabetes, 
these data suggest, appears to be due to ever-increasing 
insulin resistance and the eventual failure of the pancreas 
to meet the ever higher demand for insulin production. 
In a way, type II diabetes mellitus, at its most severe and 
terminal point, resembles type 1 diabetes, with inadequate 
insulin production. 


Control of Hypertension 


The GGB favorably affected hypertension. Of the 515 
patients, 301 (58.4%) were hypertensive before the oper- 
ation and, of these, 169 (56.1%) were on antihypertensive 
medication. After the GGB, 96 of the 301 (31.9%) re- 
mained hypertensive, and 88 (29.2%) were maintained 
on antihypertensive therapy. 


Perioperative and Late Complications 


The perioperative mortality rate was 1.2%, in other 
words, six of 515 patients died within 30 days after their 
operation or during their first hospitalization, a low rate 
in view of the fact that 47 (9.1%) of these patients in the 
series were, in addition to being severely obese, also in 
cardiopulmonary failure before surgery. As demonstrated 
in Table 5, 83% of the perioperative deaths were of sepsis. 
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There were 17 late deaths, of which 7 (41.1%) were 
related to emotional problems: three were suicides, two 
died of cirrhosis due to alcohol abuse, and two died of 
self-imposed malnutrition. Another three, those from 
motor vehicle fatalities, are suspect because depression or 
other emotional factors are frequently involved in car 
crashes. The investigating authorities, however, have cited 
all three as accidents and we have been unable to obtain 
any further details. The death of acquired immune defi- 
ciency syndrome was caused by an infection transmitted 
from a transfusion during a plastic surgery procedure at 
another hospital; the unknown death appears to have been 
a result of an arrhythmia. 

Perioperative complications are listed in Table 6. 
Wound problems and infections are the most common 
cause of prolonged hospitalization in the severely obese, 
probably related to the high incidence of NIDDM. Table 
7 lists those late complications that occur at a rate of 1% 
or greater. The most common problems seen over the 1 1 
years of follow-up include depression and other psychiatric 
problems; vitamin and iron deficiencies; incisional her- 
nias; cholecystitis; and technical problems associated with 
the operation such as staple line failures, anastomotic di- 
latations or stenoses, and bowel obstructions due to adhe- 
sions. 
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Fic. 3. Comparison between the postoperative fasting blood glucose levels 
in patients with NIDDM and preoperative plasma glucose readings of 
<120 mg/dL and >120 mg/dL. Patients with the higher preoperative 
glucose values experienced greater decreases in plasma glucose than their 
more normal counterparts, but leveled out at values that were still not 
fully normal. 
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Discussion obese, in other words, who exceed their ideal body weight 


One of the main goals in the management of NIDDM 
is euglycemia through weight control. Unfortunately, most 
patients with NIDDM are overweight, and further, 
NIDDM 1s especially common in patients who are severely 


by 100 pounds or more. Diets do not work in these mas- 
sive individuals, and the general course of their illness is 
a pattern of ever-increasing weight, worsening diabetes, 
and progression of diabetic complications. Our data sug- 
gest that surgical intervention with the gastric bypass offers 
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FIG. 6. Changes in fasting blood glucose levels after the gastric bypass. 


A great number of patients have reverted to normal values. 


a new and reasonable approach to the control of NIDDM 
in the severely obese and perhaps in those who are mod- 
erately obese as well. 

On March 25 through 27, 1991, the National Institutes 
of Health held a Consensus Conference on Gastrointes- 
tinal Surgery for Severe Obesity to examine the effective- 
ness of bariatric surgery. First, the panel concurred that 
severe obesity is an increasingly common problem: “The 
disorder is accompanied by reduced life expectancy and 
significant psychosocial and economic problems are fre- 
quently experienced by severely obese people.” There is 
a direct relationship between the amount of excess weight 
and the incidence of arthritis, coronary artery disease, ce- 
rebrovascular disease, congestive heart failure, hyperten- 
sion, diabetes mellitus, cholecystitis, and cancers of the 
stomach, uterus, and breast.'*!° In addition, as they con- 
tinue to get older and gain ever more weight, these indi- 
viduals develop other health problems associated with se- 
vere obesity, including hypertension, cardiopulmonary 
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failure, Pickwickian syndrome, sleep apnea, hyperlipid- 
emia, coronary artery disease, gout, certain cancers, cho- 
lelithiasis, hepatic steatosis, polycystic ovary syndrome, 
pseudotumor cerebri, osteoarthritis, cardiomyopathy, 
hormonal abnormalities, and skin disease. 

Patients, however, usually seek surgical intervention 
because of limitations in function rather than for health 
indications.'’® Fat people are frequently objects of public 
scorn and malicious ridicule. Employers are often reluc- 
tant to hire them because they are considered unattractive, 
have high rates of absenteeism due to illness, fall asleep 
on the job, and are thought to have a higher accident rate 
in factories because of their clumsiness and loose clothing. 
Obesity limits the availability of educational opportunities 
and a chance to find a spouse. Finally, our patients fre- 
quently mention their inabilities to meet their parental 
and other social roles: their children and other family 
members are ashamed to be seen with them at school, at 
athletic events, and in social situations. In short, the en- 
vironment of the severely obese 1s neither happy nor filled 
with opportunities. Kral et al.” summarized their prob- 
lems wel. when they concluded that the severely obese 
are hand:capped by every measure: physically, emotion- 
ally, economically, and socially. Morbid obesity is indeed 
a serious disease; if diabetes 1s present as well, it becomes 
even more dangerous. 

The estimated annual mortality rate in sudden death 
among the severely obese is 65/100,000, in other words, 
40 times aigher than expected in the general population."! 
An American Cancer Society study! disclosed deaths 
from all causes to be 50% higher among men and women 
who were merely 30% to 40% above normal! weight. Mor- 
tality rate accelerates steeply when an individual becomes 
50% overweight; for example, young severely obese males 
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Fic. 7. Insulin resistance in normal and obese patients with and without diabetes as reflected by the oral glucose tolerance curves in 117 normal lean 
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FIG. 8. Insulin resistance as reflected by the rise in fasting insulin levels 
in normal lean patients, normal obese patients, impaired obese patients, 
and diabetic patients with FBS < 140 mg/dL and > 140 mg/dL. 


have a 12-fold increase in mortality rate.!? Bray’s”® data, 
shown in Figure 9, graphically demonstrate the relation- 
ship of mortality to the body mass index (kg/m°). 
Second, the National Institutes of Health panel agreed 
that surgery has become the therapy of choice. According 
to the summary of the conference, more than 12 million 
Americans are severely overweight, and 4 million of these 
are “so overweight that their obesity harms their health 
and well-being, making them candidates for surgical 
treatment.”?! The panel endorsed two surgical treatments 
for severe obesity: vertical banded gastroplasty and the 
Roux-en-Y gastric bypass operation. These two proce- 
dures, gradually improved over the last three decades, can 
now safely and effectively control weight over long periods 


TABLE 5. Deaths With Greenville Gastric Bypass 
After 11 Years’ Follow-up 


Cause N 


Perioperative 
Sepsis 
Pulmonary embolus Í 

6/515 (1.2%) 

Late 
Suicide 3 
Auto accident 3 
Cirrhosis 2 
Cancer 

Liver 

Larynx 
Myocardial infarction 
Anemia, pernicious 
Non-GGB sepsis 
Malnutrition 
AIDS 
Unknown 
Positional asphyxia 


keh ce p ee p p p i e 


17/515 (3.3%) 


Total deaths 23/515 (4.5%) 


GGB, Greenville gastric bypass. 
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TABLE 6. Perioperative Complications With Greenville Gastric Bypass 
After 11 Years’ Follow-up (N = 515) 








Complication Label N 

Wound complications 

Minor wound infection 50 (9.7%) 

Wound seroma 35 (6.8%) 

Severe wound infection 18 (3.5%) 

Wound dehiscence 5 (1.0%) 
Operative complications 

Spleen tear or laceration 13 (2.5%) 

Subphrenic abscess 12 (2.3%) 

Liver tear 8 (1.6%) 
General complications after operation 

Temperature 45 (8.7%) 

Anastomosis/stenosis 10 (1.9%) 

Arrythmia 8 (1.6%) 

Readmit 41 (8.0%) 

Reoperate 12 (2.3%) 


Patients with >1 perioperative complications 315 (61.2%) 





and either reverse or avoid many of the health and social 
problems associated with severe obesity. These operations 
are, however, not the only bariatric operations that ame- 
liorate or reverse diabetes. Most operations reported to 
induce weight loss, including the intestinal bypasses, gas- 
tric bypasses, and gastroplasties, have shown this effect. 
It is our impression that the gastric bypass, with its bypass 
of the hormonal axis of the foregut and greater weight 
loss, does this more effectively than the gastroplasties, but 
our evidence for this remains fragmentary. 


Conclusion 


The gastric bypass operation is an effective therapy for 
the treatment of NIDDM in the severely obese. The op- 
eration can be done with acceptable morbidity and mor- 
tality rates, and the effects of the procedure are well main- 
tained over 11 years of observation. The procedure, with 
the modification that divides rather than staples the stom- 
ach, should now be considered for obese patients who are 


TABLE 7. Late Complications With Greenville Gastric Bypass 
After 11 Years’ Follow-up (N = 507) 





Complication Label N 
Vitamin deficiency 233 (46.0%) 
Anemia 232 (45.8%) 
Readmit 187 (39.6%) 
Depression 121 (23.9%) 
Incistonal hernia 107 (21.1%) 
Gastritis 65 (12.8%) 
Cholelithiasis 60 (11.8%) 
Staple line failure 49 (9.7%) 
Small bowel obstruction 28 (5.5%) 
Dehydration/malnutrition 28 (5.5%) 
Anastomosis failure 26 (3.1%) 
Revision 25 (4.9%) 
Ulcer 23 (4.5%) 
Dilated pouch 17 (3.4%) 
Anastomosis stenosis ` 15 (3.0%) 





* Eight patients < 30 days after surgery. 
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not heavy enough to be classified as severely obese, but 
whose diabetes is difficult to control. Whether the eugly- 
cemia and restoration of normal insulin levels prevents 
the long-term development of diabetic complications re- 
mains unknown. 
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DISCUSSION 


DR. ROBERT E. BERRY (Roanoke, Virginia): Dr. Britt, Dr. Jones, 
Members and Guests, Dr. Pories and his group are to be complimented 
on their large series representing extensive experience in bariatric surgery. 
I was given the privilege of reviewing the manuscript and recommend 
it to you. Their patients appear weil controlled. Their criteria for surgery 
are rigid, and they employ a meticulous operative procedure. | was priv- 
ileged to watch Dr. Porites and one of his chiefs perform one of these 
procedures a few years ago. They have excellent close follow-up and, as 
he mentioned, representing 97% percent of the patients in the series. Dr. 
Pories’ premise that the gastric bypass can control type I] non-insulin- 
dependent diabetes mellitus in the obese patient is indeed a novel ther- 
apeutic approach. Whether surgery is the best approach for the obese 
patient may require a study, perhaps randomized and prospective. The 
authors also speculate whether the not severely obese patient may be a 
candidate for gastric bypass surgery to control diabetes in the future. 
Perhaps they will address this. 

Several questions seem pertinent to this splendid study. Did you detect 
a postoperative change in endocrine function other than in the pancreas? 
You did do thyroid-stimulating hormone studies in your patients, as 
described in the manuscript. And, also, did the pancreatic exocrine func- 
tion change? Of the 138 studied patients who maintained a normal fasting 
blood glucose level after operation, did you test the patients with a glucose 
tolerance test to determine an abnormal or normal result, which perhaps 
might be indicative of a long-term response? The study noted tha: wound 
problems were the most common perioperative complication, which you 
thought was probably due to the diabetes. Other studies suggest that 
diabetes mellitus is not always a factor in complications. Are the poor 
circulation and healing qualities of adipose tissue perhaps more impor- 
tant? Twenty-four of your patients received insulin before operetion and 
yet were classified as non—insulin-dependent diabetes mellitus patients. 
Is the classification too rigid? Should the criteria be modified? That is, 
why is a type II non—insulin-dependent diabetes mellitus patient in that 
group when they do receive insulin? And, finally, does the type of op- 
erative procedure influence the outcome of the diabetes? Can the gastric 
banding procedure, perhaps, have the same result? I would like to thank 
Dr. Pories for allowing me to review the manuscript and the Asscciation 
for the privilege of the floor. Thank you. 


Dr. R. Scott JONES (Charlottesville, Virginia): Thank you, Dr. Britt. 
First, I want to compliment Dr. Pories. This is obviously a careful'y done 
clinical investigation, a large number of patients, 510 patients, and ex- 
cellent results from the standpoint of a difficult surgical operation and 
surgical care. And I think that Dr. Pories and his team should be com- 
plimented. 

I had a couple of questions that I wanted to ask about this material. 
First of all, in terms of the complications and not being able to ascribe 
alteration of complications to the operation, it ts really not clear in my 
mind how well established the complications of this type of diabetes are. 
In other words, when we think — at least, when I think — about com- 
plications of diabetes, I am talking about a type I diabetic, and we talk 
about cataracts and vascular disease and renal failure and neurcpathy, 
and so forth. What is the frequency of those complications in a population 
of type II diabetics compared with, for example, juvenile type I diabetics 
or adult onset type I diabetics? 

And then the other question I had probably will be difficult to answer. 
Basically, we ascribe the metabolic abnormalities in these patients to the 
obesity; in other words, the hyperglycemia we ascribe to metabclic se- 
quelae of the obesity. When we do the operation, a gastric bypass, we 
end up with several variables, which include weight loss, decreased caloric 
intake, and morphologic alterations of the upper gastrointestinal tract, 
which result in alterations in the way the organism assimilates and dis- 
tributes nutrients. And I do not know whether it is really relevant or 
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even important, but I would be curious to know your reflections on how 
you would sort these things out in terms of the metabolic effects. And I 
guess one way of looking at that, one way to sort out some of these 
things, would be to observe carbohydrate metabolism or insulin or what 
have you, over time, because, obviously, early after the operation they 
have not lost weight. And 1 was just wondering if you had dore longi- 
tudinal studies that would provide insights into that kind of question. 
In any event, this ts really excellent work, and I want to congratulate 
you and your group. It is really a monumental effort to do this work 
and follow patients carefully like you have, and we certainly appreciate 
your doing the work and sharing the information with us. Thank you 
very much, 


DR. WALTER J. PORIES (Closing discussion): Let me thank my dis- 
cussants for their gracious comments and thank all of you for staying. 

The question was, how about a randomized study? We tried to do a 
randomized study but, unfortunately, when patients are morbidly obese 
and finally seek surgery, they are at the very end of the line. They are 
difficult to enter into a nonoperative group; when we managed to do so, 
they simply got their surgery done elsewhere. We have therefore been 
unable to mount a randomized study of surgery versus nonoperative 
care. 

We are, however, conducting a randomized study of the gastric bypass, 
comparing it with a vertical banded gastroplasty to answer some of the 
questions that Dr. Jones posed. We have been unable to detect any 
changes in thyroid-stimulating hormone. The secretin or glucagon, and 
GIP studies are still frozen until we get a large enough group. We have 
done glucose tolerance tests on only a few of these patients because they 
will not tolerate an oral glucose tolerance test because they dump so 
badly. And after you try them once, they simply will not do that again. 
These patients have to be studied with intravenous glucose tolerance 
tests to define them. 

I think your comments about wound problems are absolutely correct. 
Just the mass of fat must play a major role in having wound infections. 
How much diabetes affects the closure of wounds, I cannot tell you. 

The classification of non—insulin-dependent diabetes mellitus, which 
is the question you raised, plagues us as well. 

As you know, a type I or juvenile onset is called insulin-dependent 
diabetes mellitus, and type II or adult onset is called non-insulin-de- 
pendent, in spite of the fact that a significant number of these patients 
are on insulin. There are 1.2 million Americans on insulin who have 
NIDDM. Well, I think it is a bad term, and I wonder, frankly, whether 
the entire question of classification of diabetes should not be re-examined 
and whether we should not look at a preislet, an islet, a postislet, as well 
as a receptor, and then a postreceptor group. I think we would begin to 
think differently about the phenomena of diabetes. It has been observed 
that diabetes gets better with a vertical banded gastroplasty that does not 
bypass the antrum and duodenum. To what degree has never been well 
described, and this is why we are conducting our studies. And I cannot 
tell you, and I hope perhaps at a future meeting I will be able to tell you 
what the difference is in the diabetic response between the two because 
it forms an elegant experiment. 

We also have done a number of studies in terms of peripheral nerve 
conduction, retinopathy, glucose clamp studies, and renal function. And, 
again, we will be able to report these, it is hoped, at another meeting. 

The final question that is posed by Scott Jones is what about the 
complications? The complications in type 2 diabetes mellitus, which 
afflicts probably 92 percent of the 10 million people who have diabetes 
in the United States ends up being just as severe as the ones with type 
1. It may be that the ones with type 1 develop somewhat faster in 20 
years, but if you look at the diabetics who have type 2 diabetes, they 
account for most of our cases of amputation, of renal failure, and, indeed, 
of blindness. Again, I thank all of you for your patience and fer the 
courtesy of letting me give this paper. 





The Surgical Management of Infants and Children 


With Ambiguous Genitalia 


Lessons Learned From 25 Years 





KURT NEWMAN, M.D., JUDSON RANDOLPH, M.D., and KATHRYN ANDERSON, M.D. 


Over a 25-year period, 91 children with ambiguous genitalia 
have received surgical management. Female sex assignment was 
made for 79. Of these, 60 patients underwent extensive clitoral 
reconstruction consonant with the female assignment. Forty-two 
' patients had vaginal reconstruction. Factors relating to success 
include: (1) prompt and appropriate sex assignment; (2) early 
and accurate diagnosis; (3) conservative reconstruction of the 
clitoris at an early age (less than 1 year); and (4) choice of vaginal 
reconstruction based on the severity of the malformation. Long- 
term follow-up demonstrates satisfactory anatomic and functional 
results when clitoral surgery alone was required. Functional re- 
sults for patients with extensive vaginal reconstruction have been 
compromised. Physicians caring for children with congenital in- 
tersexual anomalies can expect to encounter a wide spectrum of 
anatomic and physiologic derangements. Cosmetic appearance 
alone is an inadequate measure of success because endocrinologic, 
social, psychological, and sexual factors must be blended into 
comprehensive evaluation of these patients. The management 
plan must be flexible and individualized, incorporating long-term 
follow-up to adulthood. 


MBIGUOUS GENITALIA, WHICH herald some 

variant of intersexual malformation, are now 

recognized immediately in the newborn nursery. 
The tragedies of yesteryear when an adolescent girl would 
suddenly grow facial hair or a teenaged boy would develop 
breasts unexpectedly rarely occur. Diagnostic tools are 
available for use in the first days of life, which permit 
assessment of biochemical derangements, determination 
of genotypic pattern, and definition of internal genital 
anatomy. Based on these observations, an accurate and 
appropriate sex assignment can be issued with confidence 
and dispatch. This decisive step is urgent, minimizing the 
psychosocial impact of a parent rendering an equivocal 
or evasive answer to the age-old question from loved ones, 
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as to the sex of the new baby. Once the sex of rearing is 
firmly established, a plan for the required surgical correc- 
tion and its timing assumes paramount importance. 
From the patients reported here, certain principles have 
been derived that have been found helpful in managing 
these complex clinical problems over the last 25 years. 


Materials and Methods 


Ninety-one children with ambiguous genitalia have 
been cared for since 1966 at our institution. The follow- 
up ranges from | to 24 years, with a mean of 8 years. The 
clinical records of all patients were analyzed. Additionally, 
many patients have been seen regularly, others sporadi- 
cally, and, sadly, some have been lost to follow-up. The 
results. of the last examination were reviewed, and when 
available the older patients were brought back for full 
evaluction. Outcome was evaluated as to appearance, and 
of special importance, older patients were subjected to 
assessment of psychosocial and sexual function. A single 
surgeon provided the unified, continuous surgical care of 
these 2hildren. The comprehensive support that these pa- 
tients need was provided by nurses, neonatologists, pe- 
diatricians, endocrinologists, psychologists, and parents. 


Diagnosis and Sex Assignment 


In the newborn infant, a precise diagnosis is achieved 
by combining the results of the physical examination with 
the laboratory evaluation. The location of the gonads, the 
adequacy of the phallus, the size and location of a vaginal 
orific2, if present, are assessed (Fig. 1). A rectal exami- 
nation provides information concerning the presence of 
a uterus or prostate gland. Introduction of x-ray contrast 
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FIG. 1. Ambiguous genitalia as seen in the newborn. 


into a urogenital sinus outlines the internal urethral and 
vaginal anatomy (Fig. 2). Ultrasonography supplies useful 
information concerning the internal pelvic organs. 

An expeditious laboratory evaluation is carried out to 
determine the specific genotype and pathophysiologic 
cause for each child. The chromosomal makeup is deter- 
mined from the presence of chromatin on a buccal smear 
and blood cell karyotype analysis. Serum electrolytes, ste- 
roid levels, and urine metabolites pinpoint errors in steroid 
biosynthesis. Although many sophisticated tests are be- 
coming available, the absolute initial requirement is a 
rapid determination of the genotype, and identification 
of the potentially life-threatening salt-losing adrenogenital 
syndrome. 

When all information from the physical examination, 
the laboratory, the radiologic/imaging studies, and, in rare 
instances, exploratory laparotomy is at hand, the sex of 
rearing can be assigned with confidence. The male role is 
naturally elected for all genotypical males born with hy- 
pospadias and undescended testicles. Male pseudoher- 
maphrodites, including some with testicular femininizing 
syndrome, an occasional true hermaphrodite, and some 
infants with gonadal dysgenesis may be successfully reared 
as males, if, and only if, they are born with a male-sized 
penis. A small subgroup of male (XY genotype) patients 
exists who are born with hypoplasia of the penis. These 
patients suffer from interruption of the synthesis of di- 
hydrotestosterone (5-alpha reductase deficiency) or other 
poorly understood causes of phallic inadequacy. Because 
the phallus is so small as to resemble a clitoris, these pa- 
tients are unsuited for the masculine role and must be 
raised as girls. 

All of the female patients with congenital adrenal hy- 
perplasia as well as females with clitoromegaly from other 
causes should be reared as girls. These patients constitute 
approximately 90% of the entire cohort with intersexual 
malformations, and most require some form of reductive 
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surgery for the clitoris. In addition, most will need vaginal 
reconstruction. 

In practical terms, regardless of the genotype, most 
children with ambiguous genitalia are best suited for the 
female role. In the highly selected cases to be brought up 
as males, the crucial determinant is the size of the phallus, 
that is, whether it is adequate to support a male sex as- 
signment. If not, female sex assignment is made and plan- 
ning for total rehabilitation is outlined. This program of 
comprehensive staged surgical reconstruction, and in 
many patients, a lifetime of exogenous medication is 
thoroughly discussed and repeatedly explained to the par- 
ents. Such discussion must be regularly revisited. 


Male Reconstruction 


Fewer than 10% of patients born with the intersex 
anomalies will be directed to a male sex assignment. These 
male patients are culled from the group of male pseu- 
dohermaphrodites, or occasionally a child with mixed go- 
nadal dysgenesis, or more rarely a true hermaphrodite. 
The surgical requirement for male sex of rearing is the 





FIG. 2. X-ray study with contrast filling the urethra and bladder, showing 
distal vaginal atresia and urethrovaginal fistula (type C). 
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presence of a sufficiently large phallus to function as a 
male urinary conduit, to offer a satisfactory appearance 
when compared with peers, and to function satisfactorily 
for sexual activity (Fig. 3). 

Of those patients most appropriate for a male sex as- 
signment, the least complicated are those with XY ge- 
notype who happen to be born with one or both testes 
undescended, and have an associated hypospadias. Phys- 
ical examination of such newborn infants discloses a con- 
fusing external genital presentation, which requires the 
standard workup. It is sometimes necessary to perform 
an exploratory laparotomy to obtain gonadal tissue for 
confirmatory histology and to exclude Miillerian rem- 
nants. Such patients engender the least social stigmata 
and can be set on their life path as whole and healthy 
males with two standard operations: orchidopexy and hy- 
pospadias repair. 

In those more complex patients to be raised as male, 
notably a rare true hermaphrodite, or more commonly 
those pseudohermaphrodites with a normal-sized penis, 
several orderly steps lead to reconstruction. If Miillerian 
duct structures persist in the pelvis, they are surgically 
removed. These structures may include an ovotestis, Fal- 
lopian tube, uterus, and proximal vagina; the distal vagina 
should not be dissected for fear of injuring the adjacent 
nerves. This maneuver leaves a persistent diverticulum 
on the posterior urethral wall, but is to be favored over 
the possibility of causing impotence. 

External genital reconstruction requires repair of hy- 
pospadias. Deformities of labial tissue must be rearranged 
to eliminate feminine folds around the penis, and to fash- 
ion a satisfactory scrotal pouch (Fig. 4). In those patients 
with an undescended testicle that is otherwise normal, 
orchidopexy is indicated. For children with gonadal dys- 
genesis, imperfect or streak gonads must be removed to 





Fic. 3. Genotypic male with end organ defect. This inadequate phallus 
determines female sex of rearing. Phallus length is compared with pub- 
lished “normal” values.*' 
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FIG. 4. Male pseudohermaphrodite with penis adequate for male sex 
rearing. Transposition of labia to create scrotum to maximize masculine 
appearance is essential. 


avoid malignant degeneration. Testicular prostheses are 
recommended as the youngsters reach adolescence. 


Female Reconstruction 
Clitoral Reconstruction 


Most patients with intersexual malformations are best 
suited for female sex assignment. These infants have been 
derived from a wide range of diagnoses, and most require 
surgical correction of an enlarged clitoris (Table 1). It is 
the clitoral-sparing recession operation, devised in our in- 
stitution, which we have used in the series of patients 
reported here.' The basic tenets of the operation, described 
in detail in previous reports, are seen in Figure 5. These 
are: (1) removal of the excess skin over the enlarged cli- 
toris; (2) dissection of the shaft with preservation of the 
neurovascular bundle; (3) division of the suspensory lig- 
ament; (4) protection of the underlying urethra; (5) seating 
the clitoris in a retrograde manner beneath the pubis; and 


TABLE |. Diagnoses of Patients With Ambiguous Genitalia 
at Children’s Hospital, Washington, DC, 1966-1991 


Diagnosis No. 
Congenital adrenal hyperplasia 4 
Maternal ingestion of hormones 
True hermaphrodite 
Male pseudohermaphrodite 
Idiopathic 
Gonadal dysgenesis 
Congenital absence of the penis 
Simple XY hypospadias with undescended testicles 
Cloacal anomalies 
Vaginal atresia 
Mosaic XO-XY 
Total 
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FIG. 5. Basic diagram of elements of clitoral-sparing recession. Note 
preservation of the corpora with recession to the undersurface of the 
pubis. 


(6) anchoring the clitoris in the new position with sutures 
taken in Buck’s investing fascia, which are then affixed 
to the periosteum of the undersurface of the pubis. The 
surrounding fatty tissue is then brought together in the 
midline to recreate the mons veneris, which further min- 
imizes the visible part of the clitoris (Fig. 6). For some 
patients in whom the circumference of the glans is so 
large as to be disfiguring, we have developed a reduction 
glansplasty. The anterior wedge excision results in a more 
delicate feminine glans clitoris (Fig. 7). 


Vaginal Reconstruction 


In these patients, four basic operations have been used, 
depending on the degree of vaginal malformation. Cys- 
toscopy and contrast studies are useful adjuncts to define 
the anatomy. We currently categorize the vaginal anom- 
alies as follows: 


Type A. Simple labial fusion 
Type B. Distal urogenital sinus formation 
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Type C. Distal vaginal atresia with proximal urethrova- 
ginal fistula 
Type D. Complete absence of the vagina 


Each of these deformities requires a different recon- 
structive approach. The complexity of the surgery in- 
creases with the severity of the vaginal malformation. 

For type A (simple labial fusion), a midline division of 
the labia shows a normal hymeneal ring and a normal or 
near-normal urethral meatus. After division of the labia, 
the skin and mucosal layers are approximated to assure 
that the introitus remains open, creating a normal ap- 
pearance. 

For type B (distal urogenital sinus formation), a more 
extensive separation of the fused tissue is required. It is 
necessary to develop a posterior pedicle flap from the la- 
bioscrotal tissue, which then is sutured to the vagina, cre- 
ating a satisfactory opening for the urinary and genital 
orifices. 
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FIG. 6. Appearance immediately after surgery, showing recession clito- 
roplasty and vaginal reconstruction. Note reconstruction of introitus using 
labioscrotal folds. 
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FIG. 7. Operative diagram showing glansplasty for children requiring reduction in circumference of glans to enhance feminine appearance. 


In those patients with type C anomaly (distal vaginal 
atresia with proximal urethrovaginal fistula), we have 
performed a vaginal pullthrough operation using a peri- 
neal approach. With the patient in the lithotomy position, 
a series of flaps are outlined and elevated. The dissection 
is carried into the soft tissue beneath the urethra. Hendren 
and Crawford have recommended the insertion of a Fo- 
garty catheter into the vagina through the urethra and the 
urethrovaginal fistula.” With the Fogarty balloon partially 
expanded, recognition of the vagina is simplified. The va- 
gina is separated from the urethra, and the urethral defect 
is closed over a catheter. The pedicle flaps of labioscrotal 
tissue are then sewn to the vagina to separate it from the 
urethra and to permit exteriorization of the vagina. 

In some patients, the circumference of the vagina at its 
junction with the external pedicle flaps will become in- 
adequate or frankly stenotic. In such circumstances, we 
have resorted to the use of large well-vascularized pedicle 
flaps derived from the inner aspect of the thigh. These 
flaps are outlined just below the skin crease between the 
leg and the groin. The narrow vagina is incised longitu- 
dinally from outside, well inward to the midvagina. The 
elevated flap is drawn into the defect and sutured, thus 


widening the circumference of the vagina. When addi- 
tional width is required, bilateral flaps are used. 

Patients requiring complete vaginal replacement (type 
D) have thus far been encountered only rarely. As we 
have followed our patients into adolescence and now 
adulthood, however, it is becoming apparent that more 
patients will require total vaginal reconstruction. We have 
used a number of different methods to reconstruct the 
vagina, including chronic dilation, perineal flaps, pedicle 
flaps from the inner thigh, and molded stent skin grafts. 
None of these methods has proven fully satisfactory, and 
therefore we have recently embarked on a program of 
vaginal reconstruction/replacement using a sleeve of 
transplanted colon. The blood supply of the colon permits 
it to be mobilized and easily transposed into the pelvis. 
Perineal dissection allows the colovaginal transplant to 
be brought into the proper position anterior to the rectum 
and sutured to the surrounding labioscrotal tissue, which 
has been fashioned into an introitus (Fig. 8). 


Results 


Ninety-one patients were evaluated with ambiguous 
genitalia. In the first decade, approximately 30% were not 
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FIG. 8. (A, top left) Patient with stenosis of a vaginal pull-through requiring 
colon vaginoplasty. (B, top right) Colon sleeve on vascular pedicle pre- 
pared for placement in pelvis. (C, bottom left) Postoperative appearance 
of colon neovagina of same patient. 


recognized as newborns. In the last decade, all patients 
were recognized in the newborn period. Of the 91 patients, 
12 were managed as males. Seventy-nine received female 
sex assignment and were raised as females. Although most 
required surgical intervention, 10 females were followed 
without operative management. 

Of the 79 female children, 60 had clitoral surgery. In 
the very early days of our experience, clitorectomy was 
the favored operation; since 1966. however, clitoral-spar- 
ing recession has been employed in most patients (Table 
2). Forty-two children had vaginal surgery (Table 3). 


Appearance 


The external appearance of virtually all of the patients 
with female sexual assignment is judged as satisfactory at 


TABLE 2. Operations for Clitoral Reconstruction 


Procedure No. 
sac en A a U 

Clitoral recession 53 
Clitorectomy 7 
Total 60 
Revision 16 
Second revision 2 
Glansplasty 9 


aaa 


SURGERY FOR AMBIGUOUS GENITALIA 


649 


present (Figs. 9, 10). A significant number of children 
required secondary operations such as a second clitoro- 
plasty (26%) or glansplasty (15%) to achieve satisfactory 
cosmetic appearance. 


Function 


At this time, appraisal of function is incomplete: how- 
ever, 20 patients were available for long-term follow-up 
into adulthood. Twelve had clitoral surgery alone. Ten of 
these show highly satisfactory social, psychological, and 
sexual function. One patient demonstrates partial success 
but has pain with orgasm, and one has dyspareunia. Of 


TABLE 3. Vaginal Reconstruction 


Pa 
© 


Procedure ; 
ee L 
Simple introitoplasty 
Incision and opening 
Labial excision 
Posterior flap 
Pullthrough 
Skin graft 
Thigh pedicle 
Colon 
Total 
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FIG. 9. Child 1 year after clitoral recession showing satisfactory feminine 
contour. 


the remaining eight adult patients who underwent exten- 
sive vaginal as well as clitoral surgery, most have achieved 
acceptable results in social and psychological adjustments, 
but sexual function has ranged from satisfactory to poor. 
Two of the four patients with thigh flaps continue to have 
problems with vaginal size. Eight of the 14 with a vaginal 
pullthrough (type C) developed severe stenosis requiring 
secondary operations; additionally, three patients have 
been discovered with uncomfortable growth of hair at the 
introitus. 


Discussion 


The patients selected for the male role constitute slightly 
less than 10% of all infants born within the spectrum of 
diagnoses encompassing the intersex syndrome. As with 
all such patients, each requires precise and prolonged fol- 
low-up of their appearance, of their function, and for psy- 
chosexual adjustment. As part of a program of ongoing 
counseling, these young males must come to understand 
the abnormality, and when appropriate, the absence of 
sex glands, and the need for exogenous hormone support. 
Further. with some exceptions in the group of males born 
with the less complicated variant of hypospadias and un- 
descended testicle or testicles, most of these children will 
be sterile. For all of our patients, males and females who 
will be sterile, it has been our practice to instruct the par- 
ents to eliminate from their conversation, and thus from 
their child’s thinking, all traditional references to genet- 
ically transmitted characteristics, for example, “He has 
his mother’s eyes,” “He has a big nose like his father,” or 
“He gets his stubborn streak (as an inherited trait) from 
his uncle John.” Instead, because the future family con- 
stellation of sterile adults will probably include adopted 
children, the emphasis must be on the paramount im- 
portance of love between family members, and how that 
emotion is the key to family bonding. 
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With respect to males born with an end-organ defect 
resulting in penile hypoplasia, at the current state of 
knowledge, they must be raised as females. Experience 
has shown that the most heartbreaking maladjustment 
attends those patients who have been raised as males in 
the vain hope that the penis will grow to a more masculine 
appearance and size “‘at a later date.” The phallus of such 
individuals is so small as to resemble a clitoris; thus, they 
are doomed to life as a male without a penis. We, as others, 
have concluded that, until such time as enzymatic syn- 
thesis can produce adequate and predictable growth of 
the penis in these infants, they must be raised as females. 
This assignment is made contradictory to the patient’s 
XY genotype in the full awareness that exogenous hor- 
mone therapy and extensive surgery for vaginal replace- 
ment will be necessary. However, the required compre- 
hensive rehabilitation program is preferable to a male life 
without a penis. Because the clitoral-like phallus is prop- 
erly innervated, orgasm and sexual function in the female 
role is theoretically achievable, although none of the pa- 





Fic. 10. Appearance of a 19-year-old patient whose clitoral recession 
was performed at 5 years of age. Note the accommodation of genital 
components. 
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tients available for study in this series have been followed 
into adult life. 

Males born with congenital absence of the penis are 
extremely rare; two such patients have been encountered 
in this group over the 25-year study period (Fig. 11). Sur- 
gical rehabilitation is achieved by performing orchiectomy 
because, as in patients with penile hypoplasia, female 
rearing is the only reasonable course. A female distal ure- 
thra is constructed, positioning it appropriately in the in- 
troitus, which is fashioned from the skin of the normal 
scrotal pouch. Colovaginoplasty can be performed if the 
patient desires this, but ultimate adjustment is marginal 
at best, because all erotic tactile stimulation is congenitally 
lacking. 

The existence of a normal-sized penis in patients as- 
signed a male role is comforting to the parents even when 
hypospadias is present. Conversely, female babies born 
with an ungainly masculine enlargement of the clitoris 
evoke grave concern in their parents. Our experience sug- 
gests that once the female sex of rearing is made, the par- 
ents are usually calmed by a full explanation of the child’s 
pathophysiology, and the promise of major corrective 
surgery within 3 to 6 months. This age has seemed ideal 
for the clitoral-sparing recession operation in our hands. 
The babies who require daily medication, as in the salt- 
losing adrenogenital syndrome, are stabilized by 3 months 
of age, and the infant’s size at 3 months is more conducive 
to the requirements of the clitoral operation than that of 
a newborn infant. 

There are two major approaches to plastic reduction 
of the enlarged clitoris, and each has strong support. Re- 
section of all but the tip of the glans clitoris with preser- 
vation of the nerve and blood supply was suggested in 
early work by Goodwin,’ and has been championed by 
others.™’ The cosmetic effect is excellent. Late studies 
with assessment of sexual gratification, orgasm, and gen- 





FIG. 11. Congenital absence of the penis in an infant requiring female 
sex assignment. 
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eral psychologic adjustment are unavailable for these pa- 
tients and remain in question. Burying the enlarged clitoris 
by drawing surrounding fat over it was suggested by Lat- 
timer in 1959.’ This was the first effort to preserve all of 
the clitoris, as opposed to complete corporal resection. !° 
In 1966 at our institution a procedure was developed that 
preserves all of the clitoris, and after full dissection, permits 
its recession beneath the central pubis with preservation 
of all nerves, blood supply, and corporal bodies, allowing 
erection without cosmetic offense.' Over the years, this 
operation has worked well, but has required a second pro- 
cedure in a number of children, a third in several patients, 
and a glansplasty in others. Conservation of all of the 
clitoris, including its erectile function, would seem to pro- 
vide the best chance for the patient to achieve normal 
orgasm in adult life. In fact, only the total clitoris-sparing 
recession operation has had any long-term assessment for 
sexual function in children who have grown to adult- 
hood.''~'* Results from these rather rudimentary studies 
are so encouraging as to make a strong case for retaining 
the entire clitoral organ. 

Construction of an introitus has brought forth a variety 
of plastic surgical tissue-moving maneuvers by surgeons 
working with these patients.'*?4 Some final results are 
more acceptable than others. In those patients (types A 
& B) requiring the simpler forms of introitoplasty, excel- 
lent feminine appearance and a satisfactory passage for 
sexual congress can be achieved. The delicate labia minora 
are difficult to simulate, however, even with the most cre- 
ative surgical approaches, and the mucus-secreting glands 
of the normal introitus are congenitally absent in most 
of these patients. 

The pullthrough vaginoplasty to reconstruct patients 
with distal vaginal atresia and urethrovaginal fistula (Type 
C) is an elaborate technical exercise involving extensive 
perineal dissection. The exteriorization of the vagina and, 
separately, of the urethra is immediately achieved, and 
the early appearance is satisfactory. Long-term follow-up 
of this operation, however, has disclosed a number of 
problems. The first difficulty, found in most of these chil- 
dren, is the unavoidable absence of the mucus apparatus 
of the normal introitus. The second is the frequent ten- 
dency toward stricture formation at the union of the 
proximal vagina and the external pedicle flaps. The third, 
and perhaps most objectionable feature is the development 
of a tangle of hair at the introitus emanating from the in- 
turning flaps of scrotal-like skin. As our results indicate. 
many of these patients require secondary operations to 
improve function or appearance. 

The complete absence of a vagina necessitates creative 
surgical reconstruction to simulate a vagina (type D). Al- 
though total replacement of the vagina using a sleeve of 
transposed colon has been used in only two patients in 
this group, it has proven highly satisfactory in early eval- 
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uation. The colon is favored over the small bowel because 
the stretch pain fibers of the smaller diameter small in- 
testine might lead to dyspareunia. The mucus surface of 
the colon has salutary functional implications for the 
neovagina. Additionally this operation can be performed 
early in life; our younger patient was 3 years old at the 
time of colovaginal replacement. 

With respect to evaluating and reporting results of this 
study, several variables are at play. First is the steady in- 
crease in knowledge about the subject matter.” Un- 
derstanding of this spectrum of pathology and physiology 
has been evolving over the four decades since Lawson 
Wilkins’ discovery of the deranged physiology in children 
born with congenital adrenal hyperplasia.** A second ob- 
stacle of even greater importance in the reporting of sur- 
gical results is the ongoing progress in operative ap- 
proaches for correcting the deformities that these children 
present.” Further, it has become obvious to all workers 
in this field that sexual function and psychosocial adjust- 
ment are the main goals for these patients, rather than 
simple assessment of their genital appearance.*°” It is 
these subjective factors, so difficult to quantify, that are 
the ultimate determinants of successful surgical recon- 
struction. 

In this regard, it is difficult to emphasize adequately 
the compelling need for an ongoing care program encom- 
passing, physical, endocrinologic, and psychologic needs 
for each patient and each parent caught in the web of the 
intersex phenomenon. We have learned, in some instances 
bitterly, the absolute essentiality of a structured, regular, 
comprehensive program from infancy, through the tur- 
bulent adolescent years with its sexual awakenings, and, 
finally into adult life. This program must have decades- 
long continuity, and the team must include a pediatrician, 
an endocrinologist, a psychiatrist or psychologist, and a 
nurse as well as a surgeon experienced in the vexing sur- 
gical problems these fascinating young patients present. 


Conclusions 


1. Patients with any form of the intersexual malforma- 
tions benefit from recognition on the first day of life. 

2. Acomprehensive battery of diagnostic tools is available 
to pinpoint the pathologic derangement, and to allow 
accurate sex assignment in a matter of hours, or at the 
most, days after birth. 

3. An effective program of surgical rehabilitation can be 
undertaken in the early months of life. 

4. A program spanning infancy to adulthood must be set 
up to provide all physical and psychologic needs for 
the patient and family. 

5. Late maladjustment, sexual failure, and psychic distress 
can largely be avoided today by an informed health 
care team acting in concert over the patient’s lifetime. 
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Dr. BIEMANN OTHERSEN (Charleston, South Carolina): Dr. Ochsner, 
Dr. Jones, Ladies and Gentlemen, I appreciate the opportunity to discuss 
this fine presentation and to have reviewed the manuscript. To amass 
this number of patients with ambiguous genitalia in itself is a real ac- 
complishment. But what comes through tn the manuscript is not just 
meticulous medical and surgical care of these children, but also real 
compassion and concern for them and their families. This is a stressful 
situation to every mother and father presented with a child with this 
problem. I would like to stress the admonition of the authors here about 
gender assignment and what problems occur when you make the wrong 
assignment quickly and without a lot of thought and study. As an example, 
children with exstrophy of the cloaca often have an intussusception of 
the terminal ileum through the exostrophied bowel, and it looks like a 
phallus. And you have to address that right away, because if these are 
boys and you try to raise them as a boy, as they brought out in the paper, 
it is impossible because of lack of a functional phallus or penis. 
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J would like to ask a question that may concern a situation that would 
present itself to any general surgeon who takes care of children with 
hernia—that is, that is a normal-appearing girl with a hernia and a gonad 
in the hernia sac. If you open the sac and find the gonad and there is no 
Fallopian tube, some would advise biopsy of the gonad to make sure 
this is not testicular feminization or male pseudohermaphroditism. Even 
though the child looks like a girl, the organ is a testis. If you see a normal 
Fallopian tube in addition to the gonad, does this mean that the gonad 
is an Ovary or does it mean you should still perform a biopsy on that 
gonad? Thank you. I enjoyed this presentation very much. 


Dr. JUDSON RANDOLPH (Closing discussion): Well, Dr. Othersen has 
raised a good question. If the gonad in a girl’s hernia is free of the Fallopian 
tube, we always biopsy. We take a good, hard look at the others. Some- 
times they are odd-looking ovaries, and they might be ovo-testes, or they 
might even, in the male pseudohermaphrodite, be testes. If there is any- 
thing odd, we perform biopsies, but not on every one. Thank you very 
much for your discussion. 
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Anti-reflux procedures have been advocated in children with 
profound neurologic disability referred for feeding gastrostomy 
when gastroesophageal reflux is present. Facilitation of care, 
reduction in pneumonia and vomiting, and improvement in the 


general health and survival of these children have been major | 


goals of fundoplication and gastrostomy. In large pediatric series, 
these procedures have been reported to have low risk and neg- 
ligible mortality rates. Recent reports, however, document an 
increased incidence of sequelae of fundoplication in children with 
profound neurologic disability. This paper retrospectively reviews 
a series of 35 nonverbal, nonambulatory pediatric patients un- 
dergoing a total of 39 fundoplications (37 Nissen, 1 Thal, and 1 
Belsey) over an 11-year period. Neurologic impairment of 17 
(49%) patients was acquired, 13 (37%) congenital, and 5 (14%) 
due to a syndrome. Perioperative complications occurred in six 
(17%). Three additional complications led to early postoperative 
death. A fourth early death was unexplained. Fourteen (40%) 
had recurrent pneumonia, 11 (31%) recurrent yomiting, 8 (23%) 
choking-gagging-retching complex, and 3 (9%) bowel obstruction 
requiring laparotomy. Recurrent gastroesophageal reflux was 
documented in seven (20%) patients. A second ARP was per- 
formed in six (17%). There were 14 (40%) late deaths. Although 
the major goals of anti-reflux procedure are clearly achieved in 
many severely impaired children with gastroesophageal reflux, 
the use of Nissen fundoplication to resolve the complications of 
swallowing disorders and improve outcome with an acceptably 
low risk in this complex set of patients does not appear to be 
established. 


ESOLUTION OR PREVENTION of complications 
of gastroesophageal reflux (GER) and facilitation 


of care with as few complications as possible are 





the primary goals of the anti-reflux procedure in a neu- 


rologically impaired child. These goals are achieved in 
most such patients.!~? Recent studies, however, have doc- 
umented the significantly higher morbidity and mortality 
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rates afte fundoplication in neurologically impaired as 
compared with neurologically normal children.*”’ For ex- 
ample, neurologically impaired children underwent re- 
operation in the late postoperative period four times as 
frequenti; and had over four times the combined failure 
rate (reoperation rate plus aspiration-induced deaths) as 
neurologically normal children in one large series from 
two institutions.” This report raises again the question 
whether the benefits of Nissen fundoplication in a partic- 
ularly severely affected group of patients—those with 
profound neurologic disability—are worth the benefits. 


Materials and Methods 


From January 1, 1979 to December 31, 1989, 113 anti- 
reflux prozedures were performed in 104 patients on the 
Pediatric Surgical Service of the Medical University of 
South Carolina. Thirty-nine of these procedures were 
performed in 35 patients classified as having profound 
neurologic disability; one additional patient was lost to 
long-term. follow-up and was excluded from the study. 
The char-s of these 35 patients were reviewed for demo- 
graphic dzta, clinical symptoms, diagnostic tests, early and 
late morb.dity and mortality rates, and resolution of pre- 
operative symptoms. 

All patients were nonverbal, nonambulatory, pro- 
foundly retarded, and incontinent. Younger patients were 
considered to have poor prognosis for ambulation or im- 
proveme xt in cognitive skills. There were 18 males and 
17 females, ranging from 3 weeks to 22 years of age (mean, 
4 years 6 months). Initial operation at our institution oc- 
curred in 26 patients in the last 3 years of the study period. 
Mean follow-up was 30 months. Acquired neurologic im- 
pairment was present in 17, congenital neurologic 1m- 
pairment in 13, and syndrome with neurologic impair- 
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ment in 5 (Table 1). Eight had tracheostomy, eight ven- 
triculoperitoneal shunt, and at least 11 were blind. 
Incidence of conditions that tend to raise intra-abdominal 
pressure and possibly contribute to the development and 
recurrence of gastroesophageal reflux® are listed in Table 
2. Another cause of acutely raising intragastric pressure 
and thus contributing to fundoplication failure—over- 
feeding through gastrostomy—was not documented in our 
patients, but may well have occurred. The incidence of 
delayed gastric emptying in this series cannot be estimated 
because only two gastric emptying tests were performed. 
Primary and secondary indications for fundoplication 
appear in Table 3. The prophylactic category was defined 
as fundoplication performed in a patient referred for 
feeding gastrostomy, who had no history of aspiration 
pneumonia, for whom vomiting was not a major problem, 
and in whom preoperative diagnostic testing showed at 
most mild reflux. There were no esophageal strictures in 
this series. 

Thirty-seven upper gastrointestinal series were per- 
formed in 26 patients; six patients had esophageal pH 
study and one each a milk technetium scan, a gastric 
emptying study, and esophagoscopy. Quantitative assess- 
ment of the severity of gastroesophageal reflux in these 
patients was not possible in this retrospective review be- 
cause of lack of uniformity in the number and technique 
of the tests employed. For example, systematic grading 
of the severity of gastroesophageal reflux on barium swal- 
low was not routinely assessed, nor was there a standard- 
ized protocol for performing these studies in these patients, 
many of whom had barium placed in the stomach by tube 
because of inability or refusal to swallow. Nine patients 
underwent fundoplication solely on the basis of clinical 
symptoms. Follow-up in 22 of 31 patients alive 1 month 


TABLE 1. Cause of Profound Neurologic Disability 


Cause No. of Patients 
Acquired neurologic impairment 
Perinatal asphyxia 
Complications of prematurity 
Child abuse 
Left hemispherectomy for intractable seizures 
Transposition of great vessels with anoxia 
Closed head injury 
Congenital neurologic impairment 
Cause undetermined 
Congenital cytomegalovirus 
Microcephaly 
Congenital hydrocephalus 
Degenerative neuromuscular disease 
Cerebral hemiatrophy 
Syndrome 
Trisomy 18 
Down’s syndrome with perinatal asphyxia 
Wernig~Hoffman 
Undefined 
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TABLE 2. Conditions Raising Intra-abdominal Pressure in 35 Patients 


No. of Patients 


Seizure disorder 23 
Spasticity 18 
Pulmonary disease 17 
Chronic constipation g 
Choking-gagging-retching 8 
Scoliosis 5 


after fundoplication consisted of 37 gastrointestinal series, 
three esophageal pH studies, and again a single milk tech- 
netium scan, gastric emptying study, and esophagoscopy. 
Mention of failed medical management was found in only 
eight patients and consisted of various combinations of 
positioning, cimetidine, metoclopramide, and antacids. 
It was assumed that an attempt at medical management 
had been made by referring physicians, but specific doc- 
umentation of this treatment was lacking. 

There were 33 primary procedures (33 Nissens, 1 Thal) 
and six reoperations (5 Nissens, 1 Belsey, the only trans- 
thoracic procedure). Two reoperations were performed 
on patients undergoing primary Nissen fundoplication at 
other institutions. Two patients had gastrostomy before 
fundoplication. At the time of anti-reflux procedure, all 
patients had gastrostomy and one had pyloroplasty. Gas- 
trostomy was requested in many instances because trials 
of nasogastric feeding were poorly tolerated because of 
either patient discomfort or caretaker inconvenience. It 
was assumed that the addition of fundoplication at the 
time of gastrostomy would be associated with very low 
additional morbidity or mortality rates and would—by 
preventing complications of gastroesophageal reflux pres- 
ent before operation or developing after gastrostomy 
placement—be expected to be of substantial benefit to 
these patients. For these reasons, no attempt was made 
during the period of this study to randomize patients into 
groups receiving gastrostomy alone and gastrostomy with 
fundoplication. 


Results 


There were nine major complications within the first 
month of fundoplication. Three led to death and three 


TABLE 3. Indications for Fundoplication 


Indication Primary Secondary 
Aspiration pneumonia 13 6 
Vomiting 11 9 
Prophylactic 10 0 
Failure to thrive 2 28 
Hematemesis | 2 
Gastric outlet obstruction l 0 
Apnea 0 3 
Paraesophageal hernia/pain with feeding [ 0 
Stricture 0 0 
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required reoperation (Table 4). Hepatic vein laceration 
occurred in two reoperations; in one, exsanguinating 
hemorrhage led to death from multiple organ fatlure. Bi- 
lateral tension pneumothorax developed after tracheos- 
tomy performed at the time of fundoplication in one pa- 
tient. A second infant with bronchopulmonary dysplasia 
had pneumothorax that developed after emergency in- 
tubation and resuscitation in the recovery room. Gastric 
outlet obstruction was due to a rapidly performed, tech- 
nically unsatisfactory anterior fundoplication in another 
infant who had severe unexplained rigidity during oper- 
ation. Successful conversion to Nissen fundoplication was 
performed 4 days later. Jejunal perforation found on re- 
operation 2 days after fundoplication was believed to be 
secondary to chronic steroid administration for pituitary 
insufficiency in an infant with cerebral hemiatrophy and 
“empty sella” syndrome; death was caused by resultant 
gram-negative sepsis. Fluid and electrolyte imbalance led 
to the death ofa 2.5-kg 7-month-old child. Death possibly 
due to aspiration occurred unexpectedly at home 2 days 
after uneventful hospitalization for fundoplication in a 5- 
week old baby. 

Nine patients, two of whom had a primary Nissen pro- 
cedure at other institutions, developed paraesophageal 
hernia, seven with recurrent GER. Five of these patients 
underwent reoperation for recurrent GER. One patient, 
the only one in the series with history of esophageal atresia, 
has recurrent GER after a second fundoplication. Two 
patients required laparotomy for small bowel obstruction. 
Fourteen patients died more than 1 month after fundo- 
plication, nine within 15 months of operation. Hospital 
deaths were due to associated disease. Home and insti- 
tutional deaths were poorly documented, but complica- 
tions of fundoplication or recurrent symptoms of GER 
were not mentioned as causative factors. 

Incidence of postoperativé pneumonia, vomiting, and 
choking-gagging-retching is shown in Table 5. Five pa- 
tients with recurrent pneumonia showed marked im- 
provement on discontinuation of the anticonvulsant 


TABLE 4. Early Morbidity and Mortality 
No. of Patients 


Complication — 
Hepatic vein laceration 
Bilateral tension pneumothorax 
Jejunal perforation 
Small bowel obstruction 
Gastric outlet obstruction 
Acute renal failure 
Sacral decubitus 

Deaths 
Multiple organ failure 
Gram-negative sepsis 
Acute rena! failure 
Suspected aspiration 
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TABLE 5. Symptoms (n = 35) 


Symptom Before Surgery After Surgery 
Pneumonia 22 (63%) 14 (40%) 
Vomiting 28 (80%) 7 (20%) 
Choke-gag—retch 4 (11%) 8 (23%) 


clonazepem, which can cause increased salivation.’ Five 
patients with relatively mild episodes of pulmonary in- 
fection responded to medical therapy; pneumonia did not 
recur in two after reoperation; and two had ongoing re- 
spiratory problems despite negative workup for recurrent 
GER. Postoperative vomiting resolved in three patients 
undergoing reoperation; of the remaining four with re- 
current vomiting, only one persists with this symptom. 
Two patients with postoperative choking-gagging-retching 
have had complete resolution, whereas for the remaining 
six this has been of mild severity. Of the 30 patients with 
preoperazive failure-to-thrive, 14 showed improvement 
in growtn and three required caloric restriction due to 
excessive weight gain. Fourteen remained on the same 
growth curve, and two fell below preoperative levels. He- 
matemesis resolved in three. Patients with apnea contin- 
ued to have apneic episodes, but died of other causes. The 
child whose primary indication for fundoplication revision 
was pareesophageal hernia in association with apparent 
pain with feedings died of complications of intraoperative 
hepatic vein laceration. 

‘In the 10 patients undergoing “prophylactic” Nissen, 
there were two early deaths due to surgical complications 
and six delayed deaths due to associated disease. Two 
patients with occasional episodes of pneumonia, but no 
documented preoperative GER, had continuing respira- 
tory prcblems that resolved in one when clonazepam was 
discontmued and in the other, who also had recurrent 
vomiting and paraesophageal hernia, with reoperation. 
Intermiitent preoperative vomiting in six others resolved. 
Chokin2-gagging-retching in another remained unchanged 
after fuadoplication. 

In nine patients who developed paraesophageal hernia, 
7 had seizures, 5 spasticity, 4 pulmonary problems, 2 sco- 
liosis, and 1 each constipation, delayed gastric emptying, 
and choking-gagging-retching. Seven patients had at least 
two of zhese problems, and four had three or more. Two 
attending surgeons performed or supervised performance 
of all fundoplications. Because of the widely varying ages 
and sizes of the patients and varying degrees or complete- 
ness in operative summaries, it was difficult to draw any 
meaningful conclusions about differences in technique 
between failed and successful fundoplications; however, 
it was noted that in 5 of 7 primary Nissens performed at 
our institution and later developing paraesophageal her- 
nia, the crura were repaired with nonabsorbable sutures 
withort pledgets. When reoperation was performed in two 
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of the patients who had initial operation elsewhere, no 
evidence of pledgets was found in the vicinity of the crura. 


Discussion 


Most patients in this study benefitted from fundopli- 
cation and gastrostomy. Enteral access had been estab- 
lished and most symptoms of GER resolved or had been 
medically managed by the time of death (in the 14 patients 
whose death was apparently not related to fundoplication). 
Of the 17 survivors, two of whom have undergone a sec- 
ond fundoplication, none currently have persistent vom- 
iting or pneumonia. Our bias, however, that fundopli- 
cation in these patients should carry minimal associated 
morbidity and mortality rates, was not borne out by our 
results. All four early deaths occurred either as a direct 
result of a surgical complication (hepatic vein laceration) 
or indirectly as a result of the stress of a major surgical 
procedure (jejunal perforation, acute renal failure, and 
suspected aspiration). None of the late deaths could def- 
initely be attributed to complications of fundoplication, 
but in many cases the cause of death either at home or 
at a chronic care facility was poorly documented. For 
example, one 22-year-old patient was reported to have 
died 5 months after operation at a chronic care facility of 
a “heart attack,” yet an entry in the chart at the time of 
death described the patient’s abdomen as being distended. 
Without a postmortem examination, the possibility of 
death due to aspiration complicating yet another bowel 
obstruction can not be ruled out. The fact that nine of 
the late deaths occurred within 15 months of fundopli- 
cation suggests that this procedure was of limited benefit 
to these individuals. Furthermore, reoperation was com- 
mon in relatively short follow-up: three laparotomies for 
bowel obstruction and six reoperations for failed fundo- 
plication. Although preoperative symptoms in most of 
the 17 survivors are satisfactorily controlled, 14 patients 
(40%) have had recurrent pneumonia; 11 (31%), recurrent 
vomiting; and 8 (23%), choking-gagging-retching complex. 
Three additional patients have been documented as hav- 
ing a paraesophageal hernia, but have not undergone re- 
operation. 

Since our retrospective review has documented in- 
creased morbidity and mortality rates in profoundly neu- 
rologically disabled pediatric patients, our threshold for 
preforming a fundoplication in a neurologically impaired 
child referred for a feeding gastrostomy has been raised. 
We believe it is critical to demonstrate before operation 
that GER is the cause of symptomatology and that risks 
involved in submitting them to this major surgical pro- 
cedure are worth the benefits. Preoperative evaluation 
ideally should separate those whose aspiration and vom- 
iting is due to GER rather than nasopharyngeal incoor- 
dination, esophageal dysmotility, primary “‘antral dys- 
motility,”!° or medication, as in our patients whose re- 
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current pulmonary infections resolved only after 
clonazepam was discontinued. The reliability, feasibility, 
and cost-effectiveness of various diagnostic tests are con- 
troversial, but, as a minimum, a contrast study and an 
esophageal pH study or endoscopy with biopsy seem rea- 
sonable both before operation and in long-term follow- 
up when symptoms recur.!! “Protective” anti-reflux op- 
eration has been advocated in all neurologically impaired 
children undergoing feeding gastrostomy, even in the ab- 
sence of GER, because of the incidence of GER devel- 
oping de novo after Stamm gastrostomy and percutaneous 
endoscopic gastrostomy.'? This recommendation has been 
challenged recently on the grounds that only a minority 
of mentally retarded children without GER require anti- 
reflux procedures after gastrostomy.’'* In those who do 
require fundoplication subsequently, staging the two pro- 
cedures does not seem to expose these patients to excessive 
morbidity rates and may, in fact, reduce risks as a result 
of improved nutrition from gastrostomy feedings.'* In 
addition, right-sided “gastrostomy with anti-reflux prop- 
erties” placed in the lesser gastric Curvature has been ad- 
vocated on the basis of results in a small series of neu- 
rologically impaired children without GER’? and in a cat 
model.'® Our experience in our small group of “prophy- 
lactic” Nissens emphasizes the potential risks of a policy 
of “protective” anti-reflux operation. 

When fundoplication is indicated for symptomatic 
GER, it is not clear that a Nissen is the best choice. The 
incidence of wrap breakdown/paraesophageal hernia and 
small bowel obstruction after Nissen fundoplication in 
this. group of children is disturbingly high.>'’ Some of 
these failures may be due to lack of adherence to certain 
technical details of the procedure, as emphasized by 
DeMeester et al.,!® Johnson,!? and Pearl et al.*: short, 
floppy wrap performed over a large bougie; deep, non- 
strangulating crural stitches reinforced with pledgets; su- 
ture fixation of the esophagus to the crus (as in the Thal 
repair); and securing the wrap to the undersurface of the 
diaphragm with interrupted nonabsorbable sutures. Fur- 
ther modifications of the Nissen technique may reduce 
wrap herniation into the chest.” Addition of pyloroplasty 
in patients demonstrated to have delayed gastric emptying 
may explain the lower incidence of wrap breakdown in 
Fonkalsrud et al.’s series.” A partial gastric fundoplication 
has both theoretical and actual advantages. By allowing 
retrograde release of excessive intragastric pressure (due 
to seizures, scoliosis, delayed gastric emptying, distal mi- 
gration of gastrostomy balloon,” etc.), partial fundopli- 
cation may be less prone to wrap breakdown. Thal fun- 
doplication has been reported to have a much lower in- 
cidence of subsequent hiatal hernia and small bowel 
obstruction.” 

In summary, the results of Nissen fundoplication in 
our series of patients with profound neurologic disability 
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confirms the experience of others who report increased 
risks of death, recurrence of symptoms, paraesophageal 
hernia, and small bowel obstruction in these children as. 
compared with neurologically normal patients. Further 
refinements in diagnostic and treatment strategies are 
needed to improve patient selection and reduce risks in 
this markedly impaired group of children. 
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Furthermore, to recognize technical difficulties and complications 
unique to or excessive after anti-reflux procedures in the neurologically 
damaged group would require an analysis of these same factors in their 
69 patients who were not considered severely damaged. Perhaps Dr. 
Smith could comment on the incidence of complications and failures 


in this other group. Despite these limitations, there are some valuable: 


lessons to be gained from this report. First, these neurologically dys- 
functional children have multiple sphincter, motility, and secretion ab- 
normalities. Therefore, it is mandatory that each be thoroughly evaluated 
for swallowing abnormalities, excessive secretions, esophageal dysmotility, 
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delayed gastric emptying, and constipation in addition to a full anatomic 
and phystologic study of their gastroesophageal—sphincter mechanisms 
to select those patients whose gastroesophageal reflux is a significant 
enough rart of their dysfunctional problems that they would benefit 
from opezative correction. 

Two, related abnormalities such as delayed gastric emptying must be 
simultaneously corrected. Given the rate of complications, including 
recurrent reflux and hiatal hernias, prophylactic fundoplication con- 
comitant with feeding gastrostomy cannot be advocated unless gastro- 
esophageal reflux is clearly documented. 

Third, there are technical details of the fundoplication, the value of 
which nezds to be better demonstrated, especially in these patients with 
their propensity to herniation and breakdown. 

And, finally, the determinant of value and success for anti-reflux pro- 
cedures in these profoundly damaged patients may need to focus more 
on factors other than deaths and complications, These include decrezsed 
number end duration of hospital stays, more dependable feeding routines, 
and reduced vomiting and aspiration, making it easier for the overbur- 
dened perents to find secondary care givers. Dr. Smith’s report shows 
that mast of these patients do benefit from these procedures, so that 
perhaps improved patient selection will help to limit their applicazion 
to those that can be expected to benefit. Thank you. 


DR. JUDSON RANDOLPH (Washington, DC): Mr. President, excuse 
me for rising again, but I had the opportunity to read this paper, and it 
is courageous, honest, and calls to mind the fact that we do not have 
full answers for this complicated group. 

May I show one slide, please? I thought it worth showing this alternative 
approach. In those patients with very poor esophageal function, if one 
adds ar: antireflux wrap at the GE junction, the problem is increased 
rather than diminished. As suggested first by Putnam of Rochester, a 
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jejunal Roux-en-Y loop attached to the disassociated esophagus permits 
the feeding to proceed with the certainty that there is no reflux. And 
secretions and a bit of nourishment can be taken to augment the gas- 
trostomy feedings. Finally, if there should be improvement in the neu- 
rologic condition, this arrangement is reversible. The third poin: I wanted 
to make in just a moment is the terrible ethical dilemma surgeons face 
with these patients. This courageous report gives us an idea of how much 
help we are rendering them, and we must ask ourselves if we are increasing 
the ease of their care. We know that the parents love them and have 
great affection for them, but we are setting up a situation where these 
patients with serious neurologic impairment are going to outlive their 
parents, and J do not know that that is a kindness. I think we have to 
evaluate this thorny element as well as the physiologic problems, and I 
hope Dr. Smith would comment on this area of concern. 


Dr. J. ALEX HALLER, JR. (Baltimore, Maryland): Dr. Ochsner, Dr. 
Jones, Ladies and Gentlemen. 1 rise also to comment on Dr. Smith’s 
courage in presenting this, as has also been noted — to bring before a 
group of surgeons a paper that clearly says “stop operating” or 100k very 
carefully at what you are doing. But this is also Dr. Smith’s very first 
paper before this august organization, and I think that takes courage 
also, And, as always, it is difficult to extend Dr. Randolph’s comments. 
I think also the anguish we all feel needs to be emphasized because those 
of you who do not care for these children may not realize how frequently 
we are asked to make this decision. In our own unit in Baltimore, we 
are seeing more than 50 such patients and operating on them each year. 

Now these patients do not come off the street; they are referred by 
our pediatric neurologists, and so they are being evaluated by another 
echelon of care. So there are a large number of physicians and care givers 
who are also anguishing over this decision, The real question is: Are we 
becoming a part of the patient’s disease? And in so doing, are we not 
supporting the families but prolonging their agony? That is the focus 
that we must all have as we try to decide which patients should receive 
surgery. 

A couple of objective comments: Many of these children have swal- 
lowing difficulties rather than gastroesophageal reflux. C.D., how do you 
separate that group? They are not going to be helped by an arti-reflux 
procedure. As a matter of fact, they may have more difficulty in swal- 
Jowing. We are now looking at a prospective double-blind study :n which 
we are doing only gastrostomies tn this group of patients and no anti- 
reflux procedures, hoping that we can convince the parents thai at least 
we have done something to help this group of children and that perhaps 
they will go along with that for the short period that many of these 
severely neurologically damaged children have ahead for them. 
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This is the third commonest operative procedure we are asked to do 
in our pediatric surgery service. After hernia repair and central venous 
access, this constitutes the largest number of operations. That is a tre- 
mendous burden and a major problem. For these reasons, I think this 
is not only a courageous paper but a very wise one. 


Dr. C. D. SMITH (Closing discussion): Thank you very much for those 
comments frem three people I admire a great deal. Dr. Filston mentioned 
that this was a retrospective review, and it would ‘be nice to have a pro- 
spective review. I think that is the major thing to come out of this for 
us. Our data show that this operation has many complications in the 
severely neurologically impaired child. We should present these risks to 
the family and not just recommend this procedure as an automatic knee- 
jerk type thing. I think it is clear that there are a number of options and 
they need to be evaluated prospectively. I would hope that several pediatric 
surgical centers can get together to evaluate in prospective fashion all 
patients like this who present for consideration for a fundoplication as 
well as a feeding gastrostomy. 

Dr. Randolph mentioned the Putnam procedure. Perhaps it could be 
evaluated as part of such a prospective study. 

The ethical dilemma is a major one. My approach to these patients 
has certainly changed. Rather than saying, “Well, the child needs a feeding 
gastrostomy, let’s add a fundoplication,” I say “‘Let’s look at the whole 
patient. What is the outlook? What are the things that are really bothering 
you? These are the things that I can do.” I think the parents are the ones 
who need to make the decision as to what treatment—including the 
surgical treatment—-should be done. 

Dr. Haller asked a question about how we separate out the ones who 
are having swallowing problems from the ones who have problems related 
to gastroesophageal reflux. I think it is clear we did not study these patients 
enough. We clearly need to study these patients more extensively and 
decide which ones actually need or could be helped by fundoplication 
and which ones actually might be worse as a result of a fundoplication. 
The upper gastrointestinal series is one essential series. A pH study is 
another. We do not have the capability to do manometrics, but this can 
be helpful tn sorting out those patients whose primary problem is a 
delayed gastric emptying and not really gastroesophageal reflux at all. 
This is a point that has been emphasized by Rick Fonkelsrud in Los 
Angeles. 

Finally,  wauld like to thank the Association for the privilege of mem- 
bership — it has meant a great deal to me — and for your patience in 
listening to material with which many of you have much more experience 
than I. 
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From February 1990 to December 1991, 16 laparoscopic pro- 
cedures were performed for right lower quadrant pain. There 
were nine men and seven women, aged 16 to 47 years (mean, 
27.2 years). All procedures were performed by surgical chief 
residents with prior experience in laparoscopic cholecystectomy, 
first-assisted by an attending surgeon. The appendix was visu- 
alized and a definitive diagnosis was made in all patients. One 
patient with acute salpingitis underwent diagnostic laparoscopy 
only; two patients underwent laparotomy (perforated appendicitis, 
perforated diverticulitis). A fourth patient had an acute torsion 
of an ovarian cyst managed laparoscopically. Laparoscopic ap- 
pendectomy was successfully performed in 12 patients (acute 
appendicitis, 9; fibrosis or chronic inflammation, 2; normal ap- 
pendix, 1). Mean operative time for laparoscopic appendectomy 
was 95.7 minutes, and mean postoperative stay was 2.5 days. 
The authors conclude that operative time, diagnostic accuracy, 
and complication rates for laparoscopic appendectomy are ac- 
ceptable. Within the context of a training program, laparoscopic 
appendectomy provides an opportunity for surgical residents to 
expand laparoscopic skills. 


PERATIVE LAPAROSCOPY WAS introduced into 

the teaching program of the University of Mis- 

sissippi Medical Center in February 1990. A 2- 
day didactic program composed of the basics of laparos- 
copy, equipment trouble-shooting, and safety considera- 
tions followed by laboratory experience in a porcine model 
preceded clinical exposure for all residents. Diagnostic 
laparoscopy for right lower quadrant pain preceded the 
first laparoscopic cholecystectomy, and the first laparos- 
copic appendectomy was performed several months later. 
From the beginning, surgical residents were active partic- 
ipants, performing over 95% of procedures with an at- 
tending surgeon as first assistant. This report details the 
experience with the first 16 laparoscopies performed for 
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right lover quadrant pain, including 12 laparoscopic ap- 
pendectcmies, and includes all such cases treated by three 
attending surgeons (CSC, TJH, FFM) from February 1, 
1990 thugh November 30, 1991 (22 months). It sum- 
marizes ður total institutional experience to date. 


Methods and Materials 


All petients admitted to the gastrointestinal surgery 
service =t the University of Mississippi Medical Center 
during <ne study period with right lower quadrant pain 
were ccasidered for laparoscopic appendectomy (LA). 
Initially, the procedure was reserved for patients with right 
lower quadrant pain and equivocal signs and symptoms 
of appendicitis who had failed a trial of observation. Pa- 
tients wath clear signs of appendicitis were treated by open 
appendectomy. With experience, these latter patients were 
managed laparoscopically as well. Patients with general- 
ized pextonitis, significant abdominal distension, or di- 
lated loops of bowel on x-ray were managed by open ap- 
pendecomy. Pregnancy was considered an absolute con- 
traindication for LA, as was a history of a bleeding 
diathes.3. The nature of the procedure and possible com- 
plications were explained to the patients before operation, 
and cozsent was obtained for laparoscopic as well as for 
open acpendectomy. 

All patients at University of Mississippi Medical Center 
who undergo laparoscopic procedures, including LA, are 
enterec into a computerized surgical laparoscopic registry. 
Demog-aphic information, preoperative signs and symp- 
toms, white blood count, temperature, x-ray findings, 
length of procedure, nature of procedure performed, 
whethe- or not conversion to open surgery was required, 
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surgeon, first assistant, location of appendix (retrocecal 
versus intra-abdominal), pathology, postoperative stay, 
complications, and follow-up are recorded. In addition, 
the number of open appendectomies performed on the 
service during this same time period was recorded. 


Surgical Technique for Laparoscopic Appendectomy 


The patient was positioned supine, with both arms 
tucked at the sides. An indwelling urinary catheter and 
nasogastric tube were placed to decompress the bladder 
and stomach. The surgeon (chief resident) and camera 
driver (junior resident or medical student) stood at the 
patient’s left side, the first assistant (attending surgeon) 
stood to the right. The video monitor was placed at the 
right side of the table, below the first assistant (Fig. 1). 

Laparoscopy was performed by a closed technique. If 
the findings were consistent with acute appendicitis, or if 
no other cause was found for the pain, the patient was 
placed in steep Trendelenberg position. A second trocar 
(5 mm) was placed in the right lower quadrant, lateral to 
the rectus sheath (Fig. 2), under direct vision. The first 
assistant placed an atraumatic or bowel-grasping forceps 
through this trocar and gently displaced the omentum 
and cecum with a sweeping motion. Sometimes the ap- 
pendix became visible at this point; more commonly, it 
was not. 

The third trocar (11 or 12 mm) was placed in the mid- 
line and suprapubic. If the patient was small, this trocar 
was placed to the left of the midline to allow sufficient 
working distance between trocars and avoid “crossing 
swords” within the confines of the abdominal cavity 
(again, the rectus muscle was avoided). This trocar will 
hereafter be termed the “working trocar,” because it is 
through this port that the surgeon operates. The surgeon 
placed an atraumatic grasping forceps through the working 
trocar and grasped the appendix if it was visible. If the 
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FIG. 2. Placement of trocars for laparoscopic appendectomy. 


appendix was not yet visible, the surgeon grasped the 
cecum and retracted it cephalad. 

The fourth (5 mm) trocar was placed in the right upper 
quadrant, near the anterior axillary line. Placement of 
this trocar varied, depending on the location of the ap- 
pendix and the patient’s size. The first assistant grasped 
the cecum with an atraumatic grasping forceps and con- 
tinued the cephalad retraction begun by the surgeon. The 
appendix then was grasped by the first assistant (Fig. 3A). 
If the appendix was so inflamed as to be difficult to grasp, 
it was encircled with a pre-tied chromic ligature (Endo- 
loop, Ethicon Inc., Somerville, NJ), and the long tail of 
this ligature was used for retraction (Fig. 3B). The first 
assistant manipulated the appendix until it and its mes- 
entery were clearly displayed for the surgeon. 

The surgeon made a window in the appendiceal mes- 
entery with an alligator-tipped forceps. Clips (EndoClip; 
US Surgical Corporation, Norwalk, CT) were applied (Fig. 
3C) and the mesentery was divided with hook scissors. 
The mesentery then was divided serially until the base of 
the appendix was disclosed. The base was carefully in- 
spected to confirm that the juncture of the appendix with 
the cecum had been defined. The appendix was ligated 
with two chromic ligatures at the base of the cecum, and 
a third ligature was placed approximately | cm distal (Fig. 
3D). The appendix was divided with scissors and removed 
through the working trocar. 
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FIG. 3. (A, top left) The appendix is grasped by the first assistant while traction of the czcum cephalad maintains exposure. (B, top center) A very 
inflamed and rigid or friable appendix may be handled more easily by encircling it with £ pre-tied chromic ligature. The first assistant grasps the tail 
of the ligature rather than the appendix. (C, top right) The mesentery is serially clippec and divided by the surgeon. (D, bottom left) Two pre-tied 
chromic ligatures are placed at the base of the appendix where it merges with the cecum. and a third ligature is placed approximately 1 cm distally. 
(E, bottom center) Alternatively, an endoscopic stapler is placed across the base of the eppendix after the mesentery has been divided. (F, bottom 


right) A retrocecal appendix may be exposed by incising the white line and rolling the cecum cephalad and medially. 


The stump of the appendix and the appendicular artery 
then were carefully inspected. If the clip on the appen- 
dicular artery seemed insecure, it was secured with an 
additional chromic ligature. The appendiceal stump was 
not cauterized nor was an attempt made to invert it. 

When the stapling device (Endo-GIA; US Surgical 
Corporation, Norwalk, CT) was used, a 12-mm port was 
used for the working trocar. A window was made in the 
mesentery at the base of the appendix. The stapler was 
loaded with a 1.0-mm cartridge and fired across the mes- 
entery, securing it with a triple row of staples and dividing 
it. The stapler was reloaded with a 1.5-mm cartridge and 
fired across the base of the appendix (Fig. 3E). The ap- 
pendix was removed through the 12-mm port. 

When the appendix was retrocecal, mobilization and 
exposure was accomplished by sharply incising the white 


line laterel to the cecum and rolling the cecum medially 
and cephalad (Fig. 3F). 

Monopolar electrocautery was used for hemostasis. The 
operative site and pelvis were copiously irrigated with sa- 
line at the conclusion of the procedure. Neither antibiotics 
nor hepa-in were added to the irrigation solution. No 
drains weze used. Trocar sites were inspected for bleeding 
at the conclusion of the procedure. The fascia of the large 
(10 to 12 mm) trocar sites was closed with Vicryl (Ethi- 
con); the fascia of the 5-mm trocar sites was left open. 
The skin was closed with an absorbable subcuticular su- 
ture. 

All patents received a single dose of a cephalosporin 
antibiotic (cefoxitin) intravenously on call to surgery and 
at least two more doses in the immediate postoperative 
period. Patients in whom purulent-appearing fluid was 
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TABLE 1, Laparoscopic Diagnosis, Treatment, and Pathologic Diagnosis 


Laparoscopic Diagnosis No. Treatment Pathologic Diagnosis No. 

Acute salpingitis i Antibiotics — 

Possible appendicitis 3 Laparoscopic appendectomy Fibrosis l 

Chronic inflammation | 

Normal appendix 1 

Acute appendicitis 9 Laparoscopic appendectomy Acute appendicitis 8 

Appendix with fecalith ] 

] Open appendectomy Acute appendicitis with perforation I 

Perforated sigmoid diverticulitis ] Hartmann’s procedure Perforated diverticulitis I 

Torsion of ovarian cyst I Laparoscopic cystectomy Acute torsion of dermoid cyst 1 


noted in the abdomen were continued on antibiotics until 
operative culture results were available. Antibictics were 
discontinued when patients were clinically well and had 
been afebrile for 24 hours. The Foley catheter and na- 
sogastric tube were removed in the recovery room. An- 
tiemetic agents were not routinely used, because of con- 
cern that complications might be masked. 


Results 
Patient Population and Presentation 


There were nine men and boys and seven women and 
girls, with ages ranging from 16 to 47 years (mean, 27.2 
years). Patient weights ranged from 46 to 122 kg (mean, 
71.8 kg). All patients had nght lower quadrant pain of at 
least 24 hours’ duration. Three patients had a history of 
prior similar attacks that resolved spontaneously. Pre- 
operative temperatures ranged from 37.1 to 39.4 C (mean, 
37.9 C) with total white blood cell counts ranging from 
6000 to 26,000/mm? (mean, 13,400/mm7°). Radiographic 
findings were nonspecific, and no fecaliths were seen. 


Findings at Laparoscopy and Surgical Management 


A diagnosis was established at laparoscopy in all 16 
patients. The laparoscopic diagnoses, treatment, and 
pathologic diagnoses are detailed in Table 1. A presump- 
tive diagnosis of possible or definite appendicitis was made 
at laparoscopy in 13 patients. Laparoscopic appendectomy 
was successfully achieved in all 12 patients in whom it 
was attempted; three of these patients had retrocecal ap- 
pendices and the other nine had the appendix lying in- 
traperitoneally. One patient had a gangrenous, perforated 
appendix. This patient was an insulin-dependent diabetic 
and was the fifth patient in the series; the attending surgeon 
judged that open management would be safer than LA, 
and did not attempt LA. 

Three patients had laparoscopic diagnoses other than 
acute appendicitis. Two of these patients were managed 
laparoscopically. One patient had salpingitis with a normal 
appendix and underwent diagnostic laparoscopy only. A 
second patient had an acute torsion of a large dermoid 
cyst of the right ovary. The infarcted, torsed adnexa was 


divided using the endoscopic stapling device. The working 
trocar site had to be enlarged to deliver the cyst. The third 
patient had a normal appendix at laparoscopy, with an 
abnormal appearing sigmoid colon and free pus in the 
pelvis. A presumptive diagnosis of colonic perforation, 
possible diverticulitis, was made. Laparotomy with Hart- 
mann’s procedure was performed and subsequent patho- 
logic examination disclosed perforated diverticulitis. 


Conversion Rate and Complications 


Two of the 16 patients underwent laparotomy (12.5%; 
perforated appendix, perforated sigmoid diverticulitis). In 
addition, two patients required extension of a trocar site. 
One of these patients had persistent muscle bleeding from 
the right lower quadrant trocar site, visible at laparoscopy. 
It was treated by exploration of the trocar site and ligation 
of a muscle bleeder. The second patient had a 10-cm 
torsed dermoid cyst containing hair and semisolid ma- 
terial. The cyst could not be decompressed sufficiently to 
deliver it through an existing trocar site. The working tro- 
car site was extended as a minilaparotomy to allow the 
cyst to be delivered without soilage of the peritoneal cavity. 
Thus a total of four patients (25%) of the original 16 re- 
quired either formal laparotomy for management of their 
pathology, exploration of a trocar site for bleeding, or 
extension of a trocar site. 

Complications occurred in four of 16 (25%) laparo- 
scopic procedures (Table 2). No patients required reop- 
eration. Although one patient developed a small stitch 


TABLE 2. Complications Occurring in 14 Patients 
Treated Laparoscopicaily 
Complication Management and Outcome 


Fever, abdominal pain 2 
weeks after operation 


Computed tomography scan negative 
for abscess, IV antibiotics X 1 wk, 
resolved 

Recognized at laparoscopy, trocar site 
explored, vessel ligated 

Positive pressure ventilation (<12 hr), 
resolved 

Suture removed in clinic, resolved 


Trocar site bleeding 


Unilateral pulmonary edema 
in recovery room 
Stitch abscess at trocar site 
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abscess, there were no significant wound infections and 
no intra-abdominal abscesses. There were no deaths. 


Operative Time 


Operative times for the 14 patients treated laparoscop- 
ically ranged from 53 to 142 minutes (mean, 96.6 min- 
utes). In the 12 patients who underwent LA, the mean 
operative time was 95.7 minutes (range, 53 to 142 min- 
utes). The operative times did not appear to decrease with 
team experience (Fig. 4). 


Postoperative Stay and Return to Normal Activities 


Mean postoperative stay in the 14 patients treated lap- 
aroscopically (12 LA, I diagnostic laparoscopy, 1 ovarian 
cystectomy) was 2.4 days (range, 1 to 4 days). In the 12 
patients who underwent LA, the mean stay was 2.5 days 
(range, 2 to 4 days). At the time of the first postoperative 
visit, between 1 and 2 weeks after surgery, all patients 
reported that they had returned to normal activities. 


Resident Training 


All procedures were performed by chief residents with 
an attending surgeon as first assistant. A total of six chief 
residents participated. Each chief resident had performed 
a mean of eight laparoscopic cholecystectomies (range, 1 
to 17) at the time of performance of first LA. Four chief 
residents each performed one LA, and two chief residents 
each performed four LAs. As confidence was gained with 
the technique, the number of patients in whom the lapa- 
roscopic approach was selected preferentially increased, 
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as compared with those in whom open appendectomy 
was chosen at the time of presentation (Fig. 5). During 
the first year of the study, three laparoscopic and 14 open 
operations for right lower quadrant pain were performed 
in the gastrointestinal surgical service at University of 
Mississippi Medical Center; in contrast, during the second 
10 months of the study, there were 11 laparoscopic op- 
erations ar.d one open operation done. 


Discussion 


Laparoscopic appendectomy was first described by 
Semm, ard was initially limited to incidental appendec- 
tomy periormed at the time of gynecologic laparoscopy 
or to appendectomy for chronic appendicitis or endo- 
metriosis.'* As familiarity developed, the technique was 
further rened and indications extended to equivocal cases 
of apperdicitis and finally to known appendicitis.” !? 

The surgical technique is now well developed, and sev- 
eral methods have been described for both antegrade and 
retrograce appendectomy. The original technique of 
Semm most closely mimicks the open technique used by 
most American surgeons.'*!* After careful exposure of 
the appendix, the appendiceal mesentery is ligated and 
divided. The appendix is ligated and the stump invagi- 
nated by purse string or Z-stitch.'* Fallopian tube ligation 
bands and clips have been described as alternative meth- 
ods to secure the appendiceal stump.?!°!® The clip may 
have some advantage in thickened appendices.'® Most 
laparoscopic surgeons, however, have preferred to ligate 
the base of the appendix with a Roeder knot, generally 
in the form ofa pre-tied, commercially available chromic 
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FIG. 4. Operative time for 14 sequential laparoscopic procedures for right lower quadrant pain. Two laparoscopic procedures that were converted to 


formal laparotomy are not included in the graph. 
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FIG. 5. Laparoscopic and open operations for right lower quadrant pain performed on one teaching service during the study period. Two of the 
laparoscopic procedures detailed in this report were performed on other teaching services by chief residents under the direction of attending surgeons 
(CSC, FM) involved in this study. Those two procedures do not appear in this graph. 


ligature as we have used.!*!6 Closure using an endoscopic 
stapling device (Endo-GIA; US Surgical Corporation, 
Norwalk, CT) has been described and was used in one of 
our cases.'’ Inversion of the stump can be performed by 
laparoscopic suturing.'*’* It is generally omitted because 
comparative studies of stump inversion during open ap- 
pendectomy have failed to demonstrate any advantage”? 
and because suturing is still technically difficult for most 
laparoscopic surgeons. Although the procedure can be 
done with three punctures and has been described with 
two, the use of four punctures allows better control by 
the attending surgeon. 

The negative appendectomy rate in most series of open 
appendectomies ranges from 20% to 30% in adults.?!~*4 
It may be higher in the subset of young women of repro- 
ductive age, in whom the differential diagnosis of gyne- 
cologic pathology can be difficult.””-?” Berry and Malt,” 
in a detailed review of multiple large published series of 
appendectomies, showed that the perforation rate in- 
creases linearly with diagnostic accuracy. The generally 
accepted negative appendectomy rate of 20% to 30% for 
adult patients recognizes this trade-off.”! Laparoscopy has 
been advocated as a means of decreasing the negative ap- 
pendectomy rate in patients, particularly female patients, 
with equivocal signs of appendicitis.2>-*° An initial series 
from the pediatric age group of 32 patients with suspected 
appendicitis demonstrated two false-negative laparosco- 
pies and one false-positive.” In an early series, 42 of 46 
laparoscopic examinations were successful, but the ap- 
pendix was visualized directly in only four patients.” In- 


direct signs of appendicitis such as adherence of the 
omentum to the region of the appendix, cecal inflam- 
mation, or the presence of turbid fluid in the pelvis were 
used as indicators of acute appendicitis.”° 

Operative laparoscopic techniques now in common use 
were not available then. Because laparoscopy as performed 
in the United States requires general anesthesia, and be- 
cause open surgery was required if appendicitis or, indeed, 
a surgical gynecologic problem was found, this method 
did not gain widespread popularity. The availability of 
laparoscopic instruments and techniques for appendec- 
tomy, management of ruptured ectopic pregnancies, 
ovarian cysts, and so on renders this approach more 
promising. In our series, the appendix was successfully 
visualized and the pathology identified in all patients. The 
clear visualization of the upper abdomen, pelvis, and ad- 
nexae that is obtained laparoscopically is in contrast to 
the limited view obtained through the standard McBurney 
or Rocky-Davis incision. As in laparoscopic cholecystec- 
tomy, this advantage is most appreciated in the obese pa- 
tient. Two of our patients weighed more than 100 kg; cne 
underwent successful LA and the second laparoscopic 
Ovarian cystectomy. In our institution, ruptured ectopic 
pregnancy is now managed laparoscopically. Two other 
gynecologic conditions (salpingitis and a torsion of an 
ovarian cyst) were identified and managed laparoscopi- 
cally in our series. Laparoscopy allows thorough inspec- 
tion of all four quadrants of the abdomen. In our series, 
three patients (18.8%) had other causes for their pain ac- 
curately determined at laparoscopy. 
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The diagnosis of appendicitis is not always certain at 
laparoscopy, as during open appendectomy.??-78 One dis- 
advantage of laparoscopy is the inability to feel structures 
and judge pathology by touch. Palpation with instruments 
and probes only partially compensates. No patient in our 
series had a missed diagnosis or has returned with inflam- 
matory bowel disease. 

Our philosophy has been to perform the same operation 
through the laparoscope, for the same indications, that 
we would perform open. Thus, appendectomy was per- 
formed in cases in which no cause could be found for the 
pain and in which the appendix appeared normal, just as 
it would have been during open surgery. Such a policy 
will not diminish the rate of “cold” appendices removed, 
which was four of 12 (33%) in our series. Only one of 
these was histologically normal (8.3%), however. That 
significant morbidity can follow a negative open appen- 
dectomy was emphasized by Chang et al.,”” and it remains 
to be seen whether laparoscopic appendectomy will have 
an acceptable morbidity rate when the appendix is his- 
tologically normal. 

Wound infection remains a significant complication of 
open appendectomy, averaging 8.5% to 20%.” In con- 
trast, Pier and Götz reported only three wound infections 
in a series of 625 LAs.” In the only comparative series 
published to date, the wound infection rate was 11% in 
open and 4% in laparoscopic appendectomies, and the 
only wound infection after LA occurred in a patient with 
a gangrenous appendix who was converted to open ap- 
pendectomy.!'? When the appendix is withdrawn through 
the trocar or through an appendix extractor during LA, 
there is no contact of infected material with the subcu- 
taneous fat. Although one suture abscess occurred, there 
were no wound infections in our small series. We remain 
concerned about the possibility of fascial infection, how- 
ever, and would consider leaving the skin open in the 
event of fascial contamination. 

Operative times did not diminish with experience in 
our series, despite increasing confidence in the technique 
as shown by increased use during the second year of the 
study. In fact, our operative times are higher than those 
quoted by most authors.!*!>!? We believe that this was 
related to the infrequent nature of these procedures (av- 
eraging less than one per month over the study period), 
that most cases were done on the evening or night shift 
with operating room personnel unfamiliar with equipment 
and supplies, and the unpredictable nature of the anatomy 
and findings. Involvement of residents as surgeons and 
camera drivers and turnover of resident teams, with six 
chief residents being trained during the study period, may 
have contributed to longer operative times as well. We 


regard these factors as inevitable within the training en- . 


vironment. 
As confidence was gained with the technique, we per- 
formed an increasing number of our cases laparoscopi- 
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cally. The fifth case in the series, managed by open ap- 
pendectomy when a gangrenous appendix was visualized, 
would now be treated laparoscopically in the opinion of 
the attending surgeon. 

Postoperative stay averaged 2.5 days. Most of our pa- 
tients went to surgery at night. Although all started clear 
liquids the morning after surgery, most were unable to 
tolerate solid food until the second postoperative day. This 
postoperative stay compares favorably with that reported 
for open appendectomy uncomplicated by wound infec- 
tion, which significantly prolongs hospital stay.'!?72-74 No 
patient in our series developed a significant wound infec- 
tion and no patient remained longer than 4 days in hos- 
pital. It is difficult to compare this stay with published 
series of open appendectomies, most of which date from 
times when patients were hospitalized longer than cur- 
rently.” ** Mean hospital stays in those series range from 
5.3 days to 9.1 days and are probably not representative 
of current practice.” ?* In McAnena et al.’s series,!° the 
mean stay after open appendectomy was 4.8 days, com- 
pared with 2.2 days after laparoscopic appendectomy. This 
latter postoperative stay 1s quite comparable to our series. 
All of our patients were back to normal activities at the 
time of their first postoperative visit, between | and 2 
weeks after surgery. 

One complication in our series, trocar site bleeding, is 
unique to laparoscopy. It was recognized during surgery 
in our patient, and simple extension of the trocar site with 
direct suture of the bleeding vessel controlled the bleeding. 
Although Leahy has recommended “laparoscopic trans- 
illumination” as a method for visualization of the inferior 
epigastric vessels, most of our patients were too obese for 
this to be feasible.!° We believe that this problem can be 
minimized by placement of trocars lateral to the rectus 
sheath. The three other complications, a phlegmon, a su- 
ture abscess, and unilateral pulmonary edema (possibly 
drug-related), are not unique to laparoscopy. 

The procedure that we use for LA allows a chief resident 
to perform the critical steps of the operation with full 
control being maintained by the first assistant. For this 
reason, one trocar (the working trocar) was used by the . 
surgeon, and two trocars were used by the first assistant. ` 
The procedure could easily be modified to allow a two- 
handed approach by the surgeon. Reserving two trocars 
for the attending surgeon has facilitated teaching the op- 
eration to our chief residents, especially because many of 
these procedures were done late at night. 

The reaction of junior residents to the increasing en- 
croachment on their cases (first cholecystectomy and then 
appendectomy) has been interesting. By making the first- 


‘or second-year resident an integral part of the team (cam- 


era driver) from the beginning, resentment has been min- 
imized. In our program, laparoscopic cholecystectomy is 
starting to be a third- or fourth-year resident case rather 
than a chief resident case. This has helped to minimize 
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junior resident anxiety. In addition, LA has been primarily 
performed on one of three general surgery services, allow- 
ing experience with open techniques to be gained on the 
other two services. | 

We have noted several pitfalls and difficulties in lapa- 
roscopic appendectomy: 


1. If the patient is positioned on the operating table with 
the arms outstretched, it will be difficult for the first 
assistant and camera operator to stand comfortably. 
The arms should be tucked at the patient's side. 

2. Placement of the trocars too close together will make 


it dificult for the surgeon and first assistant to work | 


together without interference. This is most likely to be 

a problem in the small, slender patient. 

3. Troublesome bleeding can result if trocars are placed 
through the rectus muscle or inferior epigastric vessels. 
Avoid this by placing trocars lateral to the edge of the 
rectus sheath. 

4. If the appendix is extremely mobile, it may be pulled 
into the upper abdomen by the first assistant. This 
change of field makes eye—hand coordination difficult 
for the surgeon and decreases the space available for 
operating. It also forces the camera operator to move 
toward the foot of the table, crowding the surgeon. 
This can be recognized by noting the direction in which 
the laparoscope is pointing. The laparoscope should 
point into the nght lower quadrant. This is easily cor- 
rected by pulling the appendix back down into the 
lower abdomen. 

5. A very long appendix may be difficult to retract because 
the grasper holding the appendix is pushed up against 
the underside of the abdominal wall. Such an appendix 
must be regrasped closer to the base, and the tip allowed 
to dangle, so that the base of the appendix at the cecum 
can be accurately identified. 

In summary, we believe that laparoscopic appendec- 
tomy can be safely performed within the context of a 
training program. Surgical chief residents who are expe- 
rienced in the techniques of operative laparoscopy, in- 
cluding laparoscopic cholecystectomy, can perform the 
procedure with the assistance of an experienced attending 
surgeon. Diagnostic accuracy is excellent and postoper- 
ative complications are acceptable. In particular, wound 
infection rates may be lower in LA.'*’? Operative time 
will probably remain higher than that required for open 
appendectomy, and postoperative stay, largely determined 
by length of antibiotic treatment, is comparable. 
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experience with this procedure, but I would like to limit my comments 
to her paper. 

I have two technical and a few general questions. You used four can- 
nulas for the procedure. How important was the right axillary cannula 
and did it help with exposure? The second technical question is the 
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method of extracting the appendix. We prefer to extract, particularly the 
large, gangrenous appendix, from the abdomen in a latex bag to prevent 
contamination of the cannula track, especially if it does not fit in the 
cannula. Please comment on methods to remove the appendix to prevent 
wound infection. 

The three general questions I have are: What is the role of laparoscopic 
appendectomy, particularly in children? In this group, it may be better 
to perform a standard appendectomy, particularly when the diagnosis is 
much more certain and the time to perform the procedure much less. 
Would diagnostic laparoscopy be indicated in patients with lower ab- 
dominal pain at an earlier stage of the disease, thus decreasing the period 
of observation? And the final question is, how would the availability of 
laparoscopy influence your use of computed tomography to diagnose 
lower abdominal pain? I enjoyed the presentation and congratulate you 
on a good study. 


Dr. LESTER WILLIAMS (Nashville, Tennessee): Dr. Ochsner, Dr. Jones, 
Members, Ladies, and Guests, I asked to discuss this because our ex- 
perience at Vanderbilt and St. Thomas has been exactly the same as that 
presented. But I really wanted to ask the question that we now get regularly 
in our teaching conferences. We almost never discuss the technique or 
this week’s gadget with respect to laparoscopic appendectomy, but want 
to know what should we do and when should we do it. We cannot come 
to consensus if diagnostic laparoscopy has been done for apparent ap- 
pendicitis and the appendix is normal; should we stop or should the 
appendectomy be continued? There are some data that suggest we should 
stop. And, in fact, the British have a well-done series in which they now 
suggest that every woman of childbearing age who is being operated on 
for appendicitis should routinely have diagnostic laparoscopy and, if 
they do not find appendicitis, should have nothing further done. 
Would you suggest that these are reasonable points of view now that we 
know the procedure can be done, can be done safely, and probably 
can be done in most patients for whom appendectomy is appropriate? 
Thank you. 


PRESIDENT OCHSNER: Dr. Scott-Conner, would you close, please? And 
I would like to ask you a question. Why not use an antibiotic bacteriocidal 
solution, because you are obviously contaminating that area of the 
stomach? 


Dr. CAROL E. H. SCOTT-CONNER: (Closing discussion): I think that 
is an excellent question, and I would like to address that first. Perhaps 
we were acting as purists and following the dictum that intravenous 
antibiotics timed properly are as effective or perhaps more effective than 
local antibiotics in prevention of the major morbidity, which is wound 
infection. I do not think that there is any harm in adding antibiotics to 
the irrigation solution. Many people do this routinely in the performance 
of laparoscopic cholecystectomy. We have tried to keep the procedure 
as simple as possible. Most of these were done after midnight with an 
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inexperienced operative crew who did not know how to use the equip- 
ment. And <0 we gave intravenous antibiotics and relied on this alone. 

Dr. Gadacz, we used four cannulas as a sort of security blanket for 
the attendirg surgeon. This gives the attending the maximum control 
over the prccedure and allows that person to manipulate the appendix 
and the cecum to provide optimum visualization of the mesentery. This 
allows the procedure to be done even for the first time by a relatively 
inexperienced resident with minimal technical complications during the 
performance of the procedure. There is no question that it can be done 
with fewer tnan four cannulas, and probably most surgeons in practice 
around the country who take up this technique will choose to do it with 
three and us a two-handed technique by the operative surgeon. We did 
it simply for security and because it may be easier for us to expose the 
appendix. Tae use of a rubber bag to contain the appendix and minimize 
contamination is an excellent technique and one that we will undoubtedly 
employ in the future. It had not been described when we began this 
study, and so we struggled to deliver some of these large and inflamed 
appendices through first a 10-mm, and then as they became available, 
the 11- and 12-mm trocars. Most appendices will fit within a 12-mm 
trocar. The sroblem that we have had is that the overzealous resident 
will then tre to remove the appendix through the trocar rather than 
simply withcrawing it into the trocar and removing trocar and appendix 
together through the abdominal wall. I think the latex bag is going to 
make this procedure a lot safer and minimize fascial contamination, 
particularly n the gangrenous appendix. 

As far as “he pediatric age group, I would be extremely conservative 
in applying tis technique to children. Particularly in very small children 
in whom thz abdominal cavity is small and the diagnosis is certain, 
appendectomy is a very short and safe procedure done through an incision 
that can be covered by a single band aid in many cases. In the chunky, 
muscular adolescent, however, particularly one who is active in college 
or high school athletics and in whom a wound infection can be a dev- 
astating problem, I think that laparoscopic appendectomy may have 
something to offer. 

As far as laparoscopy and the timing of laparoscopy and whether it 
should be done earlier or whether it should be done in all women of 
childbearing age, we have not altered our indications for doing appen- 
dectomy so tar. We have tried to adhere to the same guidelines that we 
would use during open surgery. We do think that there may be a role 
for earlier laparoscopy, particularly in women of childbearing age, in 
whom the rate of negative appendix is high. The stakes are also high in 
these women, as it has been shown that the sequelae of a perforated 
appendicitis may be fertility problems down the road. At this point, 
because we are uncertain of our laparoscopic diagnostic capability in the 
plus-minus appendix, we go ahead and remove the appendix. This is 
what we wouid do during open surgery. We believe that because the 
patient has gone through general anesthesia, and because we are not 
always sure whether it is minimally inflamed or a true cold appendix, 
we go ahead and remove it. What the complications will be of these true 
negative appendices and whether this procedure is justified remains to 
be determined. I thank the Association and I thank the discussants for 
their many tioughtful comments. 
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The initial 22-month experience with laparoscopic cholecystec- 
tomy in 400 patients employing an algorithm of selective cho- 
langiographic evaluation is reported. Preoperative or postoper- 
ative endoscopic retrograde cholangiography was performed 
whenever stones were suspected clinically. Preoperative endo- 
scopic retrograde cholangiography was performed in 44 patients 
(11%), in whom 14 (3.5%) had an endoscopic sphincterotomy 
with extraction of common bile duct stones. Intraoperative chol- 
angiography was performed in only eight patients (2%) almost 
exclusively to acquire experience with the technique, and all 
cholangiograms were normal. Laparoscopic cholecystectomy was 
successfully completed in 96% of the patients. There were no 
deaths in this series, and major complications occurred in only 
5% of patients. Two patients (0.5%) had a significant common 
bile duct injury that was recognized and successfully repaired at 
the initial operation. No late common bile duct strictures have 
been recognized. Six patients (1.5%) underwent postoperative 
endoscopic retrograde cholangiography for suspected common 
bile duct stones, with three patients requiring endoscopic 
sphincterotomy and stone extraction. This experience suggests 
that the use of preoperative and postoperative endoscopic ret- 
rograde cholangiography can be based on clinical presentation 
and laboratory evaluation and does not need to be performed 
routinely. Routine intraoperative cholangiography is not neces- 
sary in most patients undergoing laparoscopic cholecystectomy. 
The authors conclude that laparoscopic cholecystectomy can be 
performed safely with the selective use of cholangiography. 


HE ROLE OF routine intraoperative cholangiog- 
raphy during cholecystectomy has been debated 
for years. Arguments in favor of routine chol- 
angiography have included: (1) identification of clinically 
unsuspected common bile duct (CBD) stones, (2) defi- 
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nition of the anatomy of the extrahepatic biliary tree to 
prevent CBD injuries, and (3) development of experience 
with the technique. Currently the same arguments are 
being debated concerning routine use of intraoperative 
cholangiography during laparoscopic cholecystectomy. 
One factor used to support the use of routine cholangi- 
ography is the higher incidence of bile duct injuries re- 
ported in the early series of laparoscopic cholecystec- 
tomy.’ Advocates of routine cholangiography have 
stressed that defining the biliary anatomy at laparoscopy 
before dividing any ductal structure will reduce the rate 
of significant bile duct injury.®* Routine preoperative en- 
doscopic retrograde cholangiography (ERC) also has been 
advocated before laparoscopic cholecystectomy. 

The authors’ initial bias was that laparoscopic chole- 
cystectomy can be performed safely in most patients with 
selective use of preoperative and intraoperative cholan- 
giography. We have applied the algorithm of selective 
preoperative ERC for patients with suspected CBD stones, 
using endoscopic sphincterotomy when stones were 
found. We have used intraoperative cholangiography 
rarely in our initial experience with laparoscopic chole- 
cystectomy. This report suggests that laparoscopic cho- 
lecystectomy can be performed safely with selective use 
of cholangiography. 


Clinical Material 


Four hundred consecutive patients with symptomatic 
gallbladder disease underwent attempted laparoscopic 
cholecystectomy at the Johns Hopkins Hospital between 
December 1989 and October 1991. All patients were 
evaluated before operation by one of the authors, who 
established the need for cholecystectomy and completed. 
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a standard preoperative evaluation. During our initial 
months of this experience, strict patient selection criteria 
were applied to optimize the results during the learning 
phase of this procedure. Currently, however, more than 
95% of patients referred to the authors undergo an attempt 
at laparoscopic cholecystectomy.’ 

Evaluation for CBD stones consisted of ultrasonogra- 
phy to define the number and size of gallstones and to 
determine CBD size. Preoperative serum amylase and 
liver function tests (serum bilirubin, alkaline phosphatase, 
alanine aminotransferase, and aspartate aminotransferase) 
were performed routinely. Patients were referred for pre- 
operative ERC at the discretion of the primary surgeon 
on the basis of these preoperative studies. 

Laparoscopic cholecystectomy was performed by stan- 
dard techniques. !>>!? At least one of the authors served 
as the surgeon or first assistant during all of the cases. A 
30° forward oblique viewing telescope was used in all 
cases to optimize visualization. Cephalad traction on the 
fundus and lateral traction on the infundibulum of the 
gallbladder were essential to expose and safely dissect the 
triangle of Calot. The dissection of the cystic duct was 
performed at its junction with the gallbladder infundib- 
ulum. An adequate length of the cystic duct was exposed 
before clipping and dividing the structure. No attempt 
was made to dissect the cystic duct down to its junction 
with the CBD. The cystic artery was then identified, dou- 
bly clipped, and divided. The electrocautery was used to 
dissect the gallbladder from the liver bed. 

Data were prospectively collected from all patients. 
Follow-up was obtained on all patients either by an out- 
patient visit with the primary surgeon or by contact with 
the referring physician within | month of operation. . 


Results 
Patient Population 


Of the 400 patients, 293 were women (73%) and 107 
were men (27%). The mean age was 47.9 years (range, 15 
to 96 years). Previous abdominal operations had been 
performed in 28% of patients. Most procedures were lower 
abdominal (22%) and were primarily obstetric or gyne- 
cologic in nature. An upper abdominal incision was pres- 
ent in 2.8% of patients. Operations involving the umbil- 
icus, primarily umbilical herniorrhaphy, had been per- 
formed in 2.5% of patients. Obesity, defined as at least 40 
pounds above ideal body weight, was present in 25% of 
patients. 


Symptoms 


The primary indications for laparoscopic cholecystec- 
tomy are shown in Table 1. Chronic biliary tract symp- 
toms were present in 88% of patients. In 10 patients 
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TAELE 1. Indications for Laparoscopic Cholecystectomy 
in 400 Patients 


Presentation N 
Chronic biliary tract symptoms 352 (88%) 
Calculus 342 (85.5%) 
Azalculus 10 (2.5%) 
Acuce cholecystitis 30 (7.5%) 
Previous episode 20 (5.0%) 
Current admission 10 (2.5%) 
Ga_Btone pancreatitis 22 (5.5%) 
P-evious episode 14 (3.5%) 
Current admission 8 (2%) 
Chalangitis/jaundice 19 (4.8%) 
P-evious episode 9 (2.3%) 
Current admission 10 (2.5%) 
Gal bladder polyps 9 (2.3%) 


(2.5%), chronic typical biliary symptoms were present 
without demonstrable gallstones. Cholecystectomy was 
offered to these patients after extensive workup to elim- 
inate other causes for the symptoms. Although chronic 
biliary tract symptoms were present in 88% of patients, 
surgical referral in 18% of patients was based on a com- 
plicatior. of cholelithiasis. Thirty patients (7.5%) presented 
with acute cholecystitis. In 10 of these patients (2.5%), 
laparoscopic cholecystectomy was attempted during the 
acute atiack. In the remaining 20 patients (5%) laparos- 
copic cholecystectomy was attempted 6 to 8 weeks after 
the acute episode. Twenty-two patients (5.5%) presented 
with gal stone pancreatitis. Laparoscopic cholecystectomy 
was performed in eight of these patients during the initial 
hospitalization, whereas 14 patients had interval laparos- 
copic cholecystectomy performed after the index admis- 
sion for gallstone pancreatitis. Symptoms of choledocho- 
lithiasis jaundice, or cholangitis were present at the time 
of referral in 19 of the patients (4.8%). Ten of these patients 
underwent laparoscopic cholecystectomy during the initial 
admission after successful endoscopic management of 
their bie duct calculi. 


Preoperative and Intraoperative Cholangiography 


Preoperative ERC was performed in 44 patients (11%). 
Thirty-one patients (7.8%) underwent preoperative chol- 
angiography because of a high clinical suspicion of cho- 
ledocholithiasis. Symptomatic choledocholithiasis, with 
gallstore pancreatitis, cholangitis, or jaundice, occurred 
in 24 patients, whereas seven patients underwent ERC 
for syr-ptomatic gallstones with abnormal liver function 
tests. Fourteen of these 31 patients (45%) had CBD stones 
identified by preoperative ERC. An endoscopic sphinc- 
terotomy and stone extraction was performed in all 14 
patients. The overall incidence of documented preoper- 
ative choledocholithiasis requiring endoscopic sphincter- 
otomy was 3.5%. Before surgical referral, 13 patients un- 
derwert ERC for evaluation of biliary tract symptoms 
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without clinical or laboratory evidence of choledocholi- 
thiasis. No CBD stones were identified in these patients. 
In nine patients, the indication for ERC was for the eval- 
uation of typical biliary tract symptoms without docu- 
mented gallstones. Four patients with known gallbladder 
stones underwent ERC by the referring physician in the 
evaluation of abdominal pain without specific indications 
of choledocholithiasis. 

Transcystic duct cholangiography during laparoscopic 
cholecystectomy was performed in eight patients (2%). In 
six patients, intraoperative cholangiography was per- 
formed to gain experience with the technique, without 
other specific indications. In two patients, abnormal liver 
function tests were the indication for cholangiography. 
All cholangiograms were successfully completed without 
complication. No CBD stones were identified, nor did the 


cholangiographic findings influence the performance of . 


the laparoscopic cholecystectomy. 


Laparoscopic Cholecystectomy: Intraoperative Results and 
Complications 


Laparoscopic cholecystectomy was successfully com- 
pleted in 383 of the 400 patients (95.8%). The reasons for 
conversion to open cholecystectomy are shown in Table 
2. Significant inflammation precluding laparoscapic cho- 
lecystectomy was encountered in nine patients. Three pa- 
tients required conversion to open cholecystectomy be- 
cause of inflammation during an attack of acute chole- 
cystitis. The single patient requiring conversion due to 
bleeding was also a patient with acute cholecystitis that 
occurred after a lower extremity vascular reconstruction. 
This patient had been systemically heparinized, and al- 
though preoperative coagulation studies were corrected, 
bleeding from the liver bed required laparotomy. The pa- 
tient, who was anemic before surgery, received 2 units of 
packed red blood cells. The overall success rate in patients 
undergoing laparoscopic cholecystectomy for cute cho- 
lecystitis was 60% (6/10). None of the 20 patients with a 
history of recent acute cholecystitis required canversion 
to open cholecystectomy. Thus, the overall success of lap- 
aroscopic cholecystectomy with a history of acute cho- 
lecystitis was 87%. Six patients requiring conversion did 


TABLE 2. Reasons for Conversion to Open Cholecystectomy 
in 17 Patients 





Reason N 
See a a a a a ee 
Inflammation 9 (2.3%) 
Common bile duct injury 2 (0.5%) 
Abnormal anatomy 2 (0.5%) 
Bleeding 1 (0.3%) 
Injury to accessory hepatic duct 1 (0.3%) 
Trochar injury to small bowel 1 (0.3%) 
Obesity I (0.3%) 
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not have clinically apparent acute cholecystitis. A previous 
endoscopic sphincterotomy had been performed for bile 
duct stones in two of these six patients, however, 

Abnormal anatomy in two patients, including an in- 
trahepatic gallbladder and a double cystic duct, required 
conversion to open cholecystectomy. A morbidly obese 
patient, weighing more than 320 pounds, required con- 
version to an open cholecystectomy because of inability 
to adequately retract and expose the gallbladder infun- 
dibulum and cystic duct. 

Intraoperative complications led to conversion to an 
open procedure in the remaining four patients. Major bile 
duct injury occurred in two patients. Both injuries oc- 
curred between cholecystectomy numbers 100 and 200 
in our series. One patient had significant chronic inflam- 
mation with scarring of the triangle of Calot. During initial 
dissection in this area and before the cystic duct could be 
identified, leakage of bile was visualized, and the patient 
was converted to an open procedure. At laparotomy. it 
was determined that the patient had a low hepatic duct 
bifurcation with a short cystic duct inserting into the right 
hepatic duct. The right hepatic duct was injured at the 
hepatic bifurcation. Immediate reconstruction was per- 
formed with a Roux-en-Y bilateral hepaticojejunostomy 
constructed over transhepatic stents. The patient had no 
postoperative complications. At 14 months after recon- 
struction, her biliary stents have been removed, and the 
patient is asymptomatic with normal liver function tests. 

The other major bile duct injury was a transection of 
the CBD. Although no significant inflammation or diffi- 
culty during dissection was encountered, a structure sus- 
pected of being the cystic duct was doubly clipped and 
divided. Further dissection showed the divided structure 
to be the CBD. After recognition of the injury, the patient 
was opened, and the bile duct was reconstructed with a 
Roux-en-Y hepaticojeyunostomy over a T-tube in the 
common hepatic duct. The patient is now 12 months after 
the reconstruction and is asymptomatic. The T-tube has 
recently been removed with no evidence of a postoperative 
stricture. In the remaining patients, there have been no 
late postoperative bile duct injuries recognized, and 
no bile duct strictures have occurred in subsequent fol- 
low-up. 

A partial-thickness incision in a segmental hepatic duct 
occurred during cutting of the cystic duct in one patient. 
Concern about the nature of the injury necessitated con- 
version to open cholecystectomy. A cystic duct cholan- 
giogram identified an intact hepatic duct bifurcation and 
was otherwise normal. The injured duct was less than 2 
mm in size, and it was ligated. The patient recovered 
without sequelae. The final intraoperative complication 
was an injury to a loop of small bowel during trochar 
placement. The patient had a history of two previous lower 
abdominal operations, including a hysterectomy and an 
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appendectomy for ruptured appendicitis. Significant 
adhesions to the anterior abdominal wall may have pre- 
cluded successful laparoscopic cholecystectomy; however, 
the use of the Hassan cannula may have prevented the 
enterotomy. The patient underwent small bowel repair 
and open cholecystectomy and had an uncomplicated re- 
covery. 


Postoperative Complications 


There were no deaths in the series. All complications 
of laparoscopic cholecystectomy are shown in Table 3. 
The overall complication rate in this series is 9.3%. Major 
complications requiring either conversion to open cho- 
lecystectomy, reoperation, major postoperative interven- 
tion, or significant prolongation of hospital stay occurred 
in 20 patients (5%). Minor complications occurred in 17 
patients (4.3%). The most frequent complication was uri- 
nary retention, which delayed hospital discharge in 10 
patients. 

Six patients (1.5%) were readmitted after discharge with 
symptoms of abdominal pain and abnormal liver function 
tests, suggesting a retained CBD stone. Endoscopic ret- 
rograde cholangiography was performed on all six patients, 
with retained CBD stones identified and extracted in three 
patients. In the other three patients, no stone was iden- 
tified, the symptoms resolved, and the liver function ab- 
normalities normalized. Two of these six patients with 
retained CBD stones had a preoperative ERC performed. 
One patient had a preoperative CBD stone removed after 
an endoscopic sphincterotomy. The patient underwent 
successful laparoscopic cholecystectomy, but returned 5 
days after operation with abdominal pain and jaundice. 
Repeat ERC showed a CBD stone, which was extracted 
without a second sphincterotomy. The final patient had 
a negative preoperative cholangiogram. The only com- 
plication of ERC performed either before or after oper- 


TABLE 3. Complications of Laparoscopic Cholecystectomy 


Complication N 
Intraoperative 
Major bile duct injury 2 (0.5%) 
Enterotomy due to trochar injury 1 (0.3%) 
Accessory bile duct ligation 1 (0.3%) 
Bleeding (requiring blood transfusion) 1 (0.3%) 
Dental injury during intubation 1 (0.3%) 
Postoperative 
Urinary retention 10 (2.5%) 
Retained common bile duct stone 6 (1.5%) 
Cystic duct leak 5 (1.3%) 
Omphalitis 3 (0.8%) 
Umbilical wound infection 2 (0.5%) 
Peritonitis 2 (0.5%) 
Bleeding 1 (0.5%) 
Pulmonary embolus 1 (0.5%) 
Umbilical hernia 1 (0.3%) 
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T4BLE 4. Length of Stay After Successful Laparoscopic 
Cholecystectomy in 383 Patients 


Length of Stay N 
Outpatient 1 (0.3%) 
I day 304 (79%) 
2 days 51 (13%) 
>2 days 27 (7%) 


ation wa3 a single episode of pancreatitis after a sphinc- 
terotomy and stone extraction. 

A postoperative cystic duct leak occurred in five (1.3%) 
of the 383 patients completing laparoscopic cholecystec- 
tomy. Three of the five leaks were recognized within 36 
hours of -aparoscopic cholecystectomy. Hepatobiliary ra- 
dionucleotide scanning confirmed the leak at the cystic 
duct in all three patients, and immediate laparotomy and 
ligation <f the cystic duct stump was performed. The pa- 
tients recovered without complications. One patient was 
readmitted 5 days after discharge with bilious ascites. En- 
doscopic retrograde cholangiography demonstrated a 
cystic duct leak. An endoscopic stent was placed; however, 
the bile leak persisted, and laparotomy and ligation of the 
cystic duzt stump was performed. The final patient de- 
veloped € subhepatic collection, associated with a fever, 
which wes percutaneously drained. After 48 hours, the 
drainage became bilious. A sinogram through the drainage 
catheter cemonstrated a cystic duct leak. A percutaneous 
transhepétic biliary catheter was placed, and the leak 
closed spontaneously. The patient recovered without fur- 
ther complication, although the postoperative stay was 30 
days in duration. 

Two patients developed postoperative abdominal pain, 
tenderness, and fever. No evidence of a bile leak could 
be demonstrated, and the patients recovered with a course 
of intravenous antibiotics. After hospital discharge, five 
patients have developed wound complications. Three de- 
veloped periumbilical cellulitis that responded to anti- 
biotics. Two patients developed a deep periumbilical 
wound infection that required the incision to be opened 
and local wound care. One patient returned several 
months after laparoscopic cholecystectomy with a per- 
iumbilica. incisional hernia. The final technical compli- 
cation wes a young man with chronic renal failure on 
hemodialysis, who underwent an uneventful laparoscopic 
cholecystectomy. The hematocrit on postoperative day 1 
decreased from 21% to 15%. Computed tomography sug- 
gested a subhepatic hematoma. The patient received 2 
units of packed red blood cells and recovered without 
further problems. 

The length of hospital stay for laparoscopic cholecys- 
tectomy is shown in Table 4. Most of patients were dis- 
charged on the first postoperative day, often less than 24 
hours after surgery. The range of hospitalization was 0 to 
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30 days. The mean length of hospital stay in the 17 patients 
requiring conversion to open cholecystectomy, including 
those sustaining bile duct injury, was 6.7 days. Seven pa- 
tients were readmitted after initial discharge for compli- 
cations as discussed above. 


Discussion 


Laparoscopic cholecystectomy is now the treatment of 
choice for most patients with symptomatic gallbladder 
disease. The overall results and complications from sev- 
eral series numbering into the thousands are now avail- 
able.!-8!!-!3 From these initial reports, the incidence of 
major bile duct injury may be as high as two to five times 
that of open cholecystectomy. The actual rate of bile duct 
injury may be even higher, in that most early reports have 
been from centers with a large experience with the pro- 
cedure. This increased rate of bile duct injury may simply 
reflect the learning curve associated with a new technique. 
It is possible, however, that the technique of laparoscopic 
cholecystectomy, with early division of the cystic duct, 
may be inherently more dangerous than traditianal cho- 
lecystectomy. This final possibility has led a number of 
authors to stress the necessity of routine operative chol- 
angiography to prevent bile duct injuries.°® | 

Those who favor routine use of intraoperative chol- 
angiography report numerous anatomic anomalies found 
by cholangiography where recognition has avoided po- 
tential complications.** However, the significance of such 
findings is unclear, as is the proof that their recognition 
truly prevents injury. Bile duct injuries have been reported 
despite the performance of intraoperative cholangiogra- 
phy.®®!? Furthermore, bile duct injuries may result from 
the instrumentation necessary to perform operative chol- 
angiography. The most serious bile duct injury, that of 
complete transection of the CBD, is affected little by the 
current technique of intraoperative laparoscopic chol- 
angiography. With most techniques, the proximal aspect 
of the duct, which is to be cannulated, is clipped before 
creating a small incision in the duct to insert the cholan- 
giocatheter. If, indeed, the duct that is clipped or incised 
is the CBD, an injury has already been created, and some 
form of repair or reconstruction will be necessary. 

The recognition ofa short cystic duct is one abnormality 
frequently cited as an important variant that can be rec- 
ognized by operative cholangiography. It is our belief that 
the key point in avoiding injury in such cases is beginning 
the dissection at the junction of the gallbladder infundib- 
ulum with the cystic duct. All ductal structures to be 
clipped and divided must have this relationship clearly 
defined. The use of the 30° telescope may improve vi- 
sualization of the critical anatomy of the cystic duct~CBD 
junction. 

The incidence of major bile duct injury in this series 
was 0.5%. These results are consistent with the incidence 
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of bile duct injury in most other series either using routine 
or selective operative cholangiography. One of the injuries 
in this series occurred before cholangiography could have 
been performed. With the other injury, it 1s unlikely that 
operative cholangiography would have altered the man- 
agement, because the proximal aspect of the bile duct 
would have already been clipped to perform the study. 
Both injuries in this series were recognized intraopera- 
tively, and immediate biliary reconstruction was per- 
formed. Intraoperative recognition of a bile duct injury 
avoids the potential for postoperative biliary fistulas or 
sepsis. In addition, repair of the biliary tree can be done 
in an operative field without significant inflammation or 
adhesions. 

Advocates of routine intraoperative cholangiography 
cite the detection of bile duct stones as the final indication 
for its use. This issue has been addressed extensively in 
reports from the prelaparoscopic cholecystectomy era, and 
these data remain valid now. The results from studies 
addressing the role of routine intraoperative cholangiog- 
raphy in the open cholecystectomy era report an incidence 
of unsuspected CBD stones ranging from 1.2% to 
12.4%,'*"'8 Large series of cholecystectomies without 
cholangiography report an incidence of residual stones as 
low as 0.3%.'?- 2! Furthermore, the incidence of false-pos- 
itive cholangiograms of 2% to 16%!"*-*4 may lead to un- 
necessary conversion to open cholecystectomy or post- 
operative investigations to search for stones. 

The management of CBD stones during laparoscopic 
cholecystectomy presents a significantly different problem 
than traditional cholecystectomy. In the open procedure, 
if bile duct stones are recognized cholangiographicallv, a 
CBD exploration or transduodenal procedure can be per- 
formed at the same time, with only a minimal increase 
in morbidity rate. Although scattered reports of transcystic 
duct exploration or even formal common duct exploration 
have recently appeared,” 7 the potential for serious bile 
duct injuries with such procedures is high, especially with 
a nondilated biliary system.”® 

The problem of choledocholithiasis, as well as concern 
for bile duct injury, has Jed for a call for routine preop- 
erative ERC in some centers. It has been our practice, 
however, to selectively evaluate the biliary tree with pre- 
operative ERC. Patients were selected for preoperative 
cholangiography on the basis of clinical presentation and 
preoperative liver function tests. The patients in this series 
represent a wide spectrum of biliary tract disease, includ- 
ing complications of CBD stones, such as gallstone pan- 
creatitis (5.5%) and cholangitis or jaundice (4.8%). Overall, 
only 44 patients in this series (11%) underwent preoper- 
ative ERC. Yet, if only those studies obtained by the pri- 
mary surgeon for preoperative evaluation for possible 
CBD stones are considered, then the preoperative chol- 
angiography rate was only 7.8%, with 45% of these pro- 
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cedures finding choledocholithiasis. Using only selective 
preoperative cholangiography and rarely using intraoper- 
ative cholangiography (after an initial learning experi- 
ence), we report only a 1.5% incidence of suspected re- 
tained CBD stones (with only 0.75% actually documented 
by a positive postoperative cholangiogram). These results 
compare favorably with studies of both laparoscopic and 
open cholecystectomy using routine cholangiography. 

In summary, laparoscopic cholecystectomy can be per- 
formed safely without routine use of cholangiography. The 
incidence of bile duct injury in this series compares fa- 
vorably with other reports in the literature. These results 
serve to support the role of careful dissection and visu- 
alization of ductal structures before division and suggest 
that intraoperative cholangiography is not necessary. The 
selective use of preoperative and postoperative cholan- 
giography, based on clinical presentation, can successfully 
manage choledocholithiasis without significant compli- 
cations, while still allowing completion of laparoscopic 
cholecystectomy in up to 95% of patients. We conclude 
that laparoscopic cholecystectomy can be performed safely 
with selective use of cholangiography. 
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We do obtain cholangiograms in 3% to 4% of patients with difficult 
anatomy but generally rely on careful dissection more than x-rays to 
keep us out of trouble. As a helpful pearl, if you are having difficulty 
sorting out the anatomy, use one of the cholangiogram catheters with a 
balloon to secure the catheter (do not use clips on what could be the 
common duct) until the anatomy is more clear. 

I have three questions: 

(D) What do you do if you want a preoperative cholangiogram but 
your endosccpic colleague is unsuccessful? Do you place a percutaneous 
wire through the liver into the duct? Do you do an open procedure, or 
do you proceed with intraoperative cholangiograms? 

(2) We mast always question costs. A normal cholangiogram must 
add $300 ta $500 to the patient’s bill. Do you know your hospital’s 
charge for laparoscopic cholecystectomy? In a review of 50 patients, the 
patient charze from my hospital was less than $1900 with an overnight 
stay. I think “hat this is the lowest in the nation. 

(3) How čo you manage acute gallbladders with minor enzyme ele- 
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vation and a 5-mm duct? There is an increased incidence of common 
duct stones in this setting, but we are reluctant to obtain preoperative 
cholangiograms. We think intraoperative cholangiograms should be 
pursued more aggressively in this group. Thank you. 


DR. KENNETH W. SHARP (Nashville, Tennessee): Thank you, Dr. 
Ochsner and Dr. Jones. Dr. Gadacz, my congratulations to you on a 
good paper that was well presented. | appreciate the opportunity to discuss 
this paper and appreciate your having given me the manuscript. Dr. 
Gadacz is truly one of the pioneers in the development of the technique 
of laparoscopic cholecystectomy. Its popularity is manifested in the sheer 
numbers of cholecystectomies performed. They accumulated 400 cho- 
lecystectomies in less than 2 years. During my 7 years as a resident at 
Hopkins, I think we did fewer than 200 cholecystectomies. Now that 
the technical aspects of the operation are becoming standard and its 
success rate has been shown to be very high and its morbidity rate ac- 
ceptably low, we have several remaining questions about laparoscopic 
cholecystectomy. Number one, what is its overall safety? What are the 
short-term morbidity and mortality rates during the learning phase of 
the operation? Secondly, what is the long-term morbidity rate? And, 
thirdly, how do we answer some of the more difficult questicns such as 
the management of common duct stones? 

My specific questions for the authors are: One, with regard to short- 
term morbidity rate, I am concerned about the cystic duct stump leaks, 
In the manuscript, you report five patients who developed cystic duct 
stump leaks, and leaked bile into the peritoneal cavity, requiring endo- 
scopic stint placement, percutaneous drainage, and, I believe, two open 
explorations. This is higher than any other report that I know of. How 
do you routinely handle the cystic duct stump? Do you use <lips or pre- 
knotted ligatures? Do you make any decisions based on the size of the 
cystic duct? Does this complication represent a clip falling off? A clip 
not totally crossing the cystic duct? Or does it represent necrosis of the 
cystic duct stump due to the clip? We have had one leak in a similar 
patient that we believed was due to necrosis of the cystic cuct stump 
from the clip. What is your long-term morbidity rate? I realize you fol- 
lowed the two patients with common bile duct injury very closely and 
continuously. But in the manuscript you mentioned that yau only fol- 
lowed the other patients for one postoperative visit or { month. How 
do you know that there are not other late strictures developing? I would 
be particularly concerned about the patients with the biliary leaks, because 
I would think that cystic duct leak would lead to increased fibrosis and 
inflammation and possibly a late stricture. And then, thirdly, how do 
we manage common duct stones? We have agreed with the authors about 
the use of preoperative endoscopic retrograde cholangiography. We have 
performed preoperative endoscopic retrograde cholangiography in ap- 
proximately 8% of our patients for fairly strict indications, pancreatitis, 
hyperamylasemia, elevated liver function tests, history of jaundice. We 
have had about half of those patients, very similar to your numbers, 
having the preoperative finding of common duct stones, which we have 
treated with endoscopic sphincterotomy without complication. How do 
‘you manage the patient in whom the endoscopist has attempted endo- 
scopic retrograde cholangiopancreatography and ts unable io do it? We 
have found that to be the case in an additional 3% to 4% of patients, 
patients on whom we would like to have a preoperative cholangiogram 
but the endoscopist is unable to cannulate the common duct. We generally 
have advocated routine intraoperative cholangiography and have at- 
tempted it in more than 90% of our cases. Our success rate is about 60%. 
We have only a 2% incidence of unsuspected common duct stones found 
in this fashion, and we have taken a very conservative approach here 
and have opened those patients for routine open cholecystectomy and 
common duct exploration, 

Have you attempted transcystic common bile duct exploration? And 
how are you managing the patients who have no preoperative endoscopic 
retrograde cholangiopancreatography that you would like to have that 
information on? I would like to thank you for the privilege of reviewing 
the manuscript. I thought it was an excellent presentation. 


DR. CHARLES UNDERWOOD (Marietta, Georgia): Presidant Ochsner 
and Secretary Scott, Members, first I want to thank you for myself and 
my wife Ellie for membership in this organization. This is our first year 
as bona fide members, although we have been here as guests several 
times before. But we feel much more at home this year. We particularly 
feel honored that you ask an ordinary community surgecn who does 
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not have a house staff behind him to join you. And to Tom Gadacz, I 
appreciate him asking me to discuss his paper. He probably was not 
aware that I have never been on this podium before, and for that lack 
of oversight, he deserves what he gets this morning. 

This is, among others, a seminal and very important paper. This is 
true not only because it is good and frank and honest and admits the 
problems that he encountered, but it is true because before this Association 
in the coming years are going to hear a lot more papers similar to it. 
You are going to hear about colectomies and hysterectomies and common 
duct explorations and hernia repairs and Nissen fundoplications all being 
done today in some institutions, and you are going to see thcse papers 
proliferate before this Association in the years ahead. 

I think you have heard this morning, from the standpoint of the ap- 
pendix and the gallbladder, some very important seminal information. 
A very brief anecdote: We surgeons are slow to accept things. In the 
spring of 1988 I sat at a Wednesday morning surgery conference in Mar- 
ietta and looked at a videotape that Dr. McKernan had brought over. It 
showed a laparoscopic cholecystectomy, said to be the first one done in 
this country. My fellow surgeons and I watched it as he dropped the 
gallbladder and it became lost and they searched for 30 or 40) minutes 
trying to find it, only to find it had disrupted and the stone had rolled 
into the pelvis and an hour or two later they found the stone. And we 
laughed at him and said “Take your tape on back across the street. 
You're not talking about anything that will ever work.” And, of course, 
the rest of that story you know for yourself. 

So much for history. In our hospital we have somewhat more than 
800 cases. We always do them with a physician first assistant. We do 
100% of them, at least try to, with operative cholangiography, and we 
are successful about 90% of the time. We use a Bovi electrocautery unit 
almost exclusively. We use reusable probes as a cost containment attempt. 
Our time is down to about an hour and 15 minutes. Complication-wise, 
we have had one postoperative bleeder —- my own -—— that had te be 
reopened, two small bowel injuries, two bile loculations, cne minor 
common duct injury, and we use the Hassan open technique exclusively. 

The questions, Tom, that I would have for you relate very closely to 
those that have already been put to you. First, when you are dealing with 
a new procedure that is fraught now and even more so in the future with 
legal problems, litigation as to the experience of the surgeon, when you 
are dealing with a residency staff trying to learn a procedure that has a 
terribly difficult learning curve, why in the world would you advocate 
abandoning a procedure that in any way would add some degree of 
safety? Particularly in the courtroom, you would have some degrez of 
certifying that you really did everything you could to avoid those injuries? 

Secondly, realizing that in only 400 cases you have found the need to 
do two hepaticojejunostomies because of common duct injuries, why 
would you state in the paper, as you did, and I quote from it: “No 
attempt was made to dissect the cystic duct down to its junction with 
the common bile duct,” and then later on in the paper the statement, 
“These results seem to support the role of careful dissection and visu- 
alization of ductal structures prior to division and suggest that irtra- 
operative cholangiography is not necessary”? My question then is, do 
you really believe in careful dissection? And if so, why do you make the 
statement that you do not go down and visualize the common duc:? 

And, finally, would you tell us why you use the Bovi insteac ofa laser? 
Do you use reusable ports or disposable ports? Having produced one or 
two small bowel injuries, do you use the verres needle tecanique for 
introducing the pneumoperitoneum? And if you do, why so? And why 
do you not use the Hassan technique? Finally, I appreciate the courtesy 
of the floor and appreciate the Association giving me the privilege of 
responding to this paper. 


DR. EUGENE SHIVELY (Campbellsville, Kentucky): Dr. Ochsner, Dr. 
Jones, Members and Guests, I think we are evolving into a new era of 
surgery, where there are superstars and then the ordinary surgeon out 
in the community. And I think the group from Johns Hepkins and 
Randy Voyles, who was a junior resident of mine, are superstars. But I 
do not think all of us are in this category. Most of my friends in tertiary 
medical centers are reporting a very high incidence of common duct 
injuries, two and three times more than they were seeing before the 
advent of laparoscopic cholecystectomy. In personal communication with 
Dr. Eddie Redick of Nashville, who was one of the pioneers of this 
operation in the United States, he states that in all the videotapes that 
he has reviewed where there was a common duct injury, no cholangiogram 
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was performed. I personally know of two cases where the entire common 
duct was removed through the laparoscope. There are several studies 
that demonstrate that routine cholangiography not only detects occult 
common duct stones, but also increase the safety of open cholecystectomy. 
Dissection in the triangle of Calot is dangerous, and we do not have the 
opportunity to take the gallbladder down in a retrograde manner as we 
do in open cholecystectomy. The most difficult part of laparoscopic cho- 
lecystectomy is the cholangiogram, and in my opinion it is important 
to have extensive experience in this, 

My first question is, what has been the experience at Johns Hopkins 
in referrals from outside community hospitals with injured common 
ducts secondary to laparoscopic cholecystectomy? 

Endoscopic retrograde cholangiopancreatography also fits into the 
category of a very high-tech procedure where there are only scattered 
superstars who are very good at this. Most community surgeons do not 
have endoscopists who are experts at sphincterotomy. 

My second and last question is, do you have reservations about doing 
sphincterotomies in young patients, and what do you think the long- 
term consequence of this will be? I would like to thank the Association 
for membership. It is certainly one of the highest honors of my profes- 
sional career. Thank you. 


DR. T. R. GADACZ (Closing discussion): I greatly appreciate the com- 
ments of the reviewers and would like to answer the questions in groups 
rather than individually. Our approach to common stones is determined 
by the expertise in endoscopic retrograde cholangiopancreatography 


(ERCP) and endoscopic sphincterotomy. We rely on this approach pre- . 


operatively or if small stones are discovered postoperatively. Several pa- 
tients with common duct stones that we saw early in our experience 
were not included in this series because we performed open cholecys- 
tectomy and common duct exploration. There remains a role for open 
cholecystectomy and common duct exploration in patients with multiple 
and large common duct stones. 

Our current approach for suspected common duct stones is in tran- 
sition. For large or numerous common duct stones, a standard open 
cholecystectomy and duct exploration is favored. For small or few stones, 
laparoscopic extraction is attempted. Recently at the Medical College of 
Georgia, a patient with multiple common duct stones had successful 
extraction with a balloon and basket. The choledocoscape was used 
through the laparoscope to extract stones and confirm that her common 
bile duct was free of stones. A closing cholangiogram showed no stones. 
Techniques to explore the common duct through the laparoscope are 
improving. 

Regarding some of the questions of short-term and long-term morbidity 
rates, we had five cystic duct leaks. Two of these were confirmed. Two 
of them occurred very early during our experience when we were using 
a reusable clip applier. There were problems with this clip applier, which 
have been remedied. The clip scissored in both patients, resulting in 
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early dislodzement and a cystic duct leak. The leak was confirmed by a 
technetium study. She was re-explored immediately, and a suture was 
used to secu-e her cystic duct. The other cystic duct leak had the diagnosis 
made by endoscopic retrograde cholangiogram. An endoscopic stent was 
placed but was not successful, and he required reoperation and tying of 
the cystic dact. The other three patients had collections on ultrasound 
in the subhepatic area. One of these was successfully drained percuta- 
neously. A bile duct leak could not be demonstrated. Whether this was 
a cystic duct leak or a leak from the bed of the gallbladder and accessory 
duct is not Lnown. The two other patients did not have a demonstrable 
leak and resolved without further treatment. 

The incid2nce of common duct injuries varies between series, and the 
long-term complications are not known. In our two patients with com- 
mon duct in_uries, there have been no complications after reconstruction. 
Both injurizs were recognized immediately and repaired. We have been 
referred paizents with common duct injuries that were not recognized 
at the time of laparoscopic cholecystectomy. They required a hepati- 
cojejunostomy and seem to be doing well. Some of the reports with no 
common duct injuries may reflect a lack of early recognition. 

There are several technical aspects to avoid complications. It is im- 
portant to ensure that the clips are secure and to inspect the clips after 
application. We do not use cautery to divide the cystic duct. Cautery 
should be used to dissect the peritoneum away from the gallbladder and 
the gallbladcer from the hepatic bed. 

We dissec: the cystic duct from the neck of the gallbladder toward the 
common duct. This is a crucial part of the procedure. A 30° angled 
endoscope is used and provides good visualization of the cystic duct. 
The entire cystic duct should not be dissected, but it is important to 
identify the neck of the gallbladder and the cystic duct. Both of our 
injuries occerred during dissection of the cystic duct. 

Our prefe-ence in instruments is the re-usables. They are the most 
economic. V/e had one small bowel injury that could not have been 
avoided. It accurred in a patient with no previous operation but a loop 
of jejunum edhered to the umbilical area. 

We do no: support the use of routine preoperative endoscopic chol- 
angiography or sphincterotomy in patients undergoing laparoscopic 
cholecystectomy. Some of these patients are very young, and there may 
be long-term sequelae from these procedures. By taking a good history 
and doing the appropriate preoperative laboratory studies, most patients 
with commoz duct stones can be identified. And then, where appropriate, 
the study car be done. In young patients with a few small common duct 
stones, laparoscopic extraction may be better than an endoscopic 
sphincterotomy. There remains a role for open cholecystectomy and 
common duct exploration. 

Although we do not oppose routine intraoperative cholangiography, 
we wish to caution surgeons that this does not prevent common duct 
injuries. 

I wish to thank the Association for the opportunity to present this 
paper and the discussants for their comments and questions. 
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Fifty consecutive patients who underwent 52 formal hepatic re- 
sections (excluding isolated wedge resections) for metastatic co- 
lorectal cancer were analyzed to determine whether DNA content 
was of prognostic significance. The Dukes’ stages of the colorectal 
primaries were: A (10%), B (20%), C (40%), D (28%), and un- 
known in 2%. Four patients whose liver metastases were dis- 
covered at the time of resection of the primary bowel cancer 
underwent concomitant liver resection, and the remaining patients 
underwent delayed resections. The hepatic resections performed 
were right lobectomy (50%), extended right lobectomy (19%), 
left lobectomy (13%), left lateral segmentectomy (6%), left lo- 
bectomy and right wedge (6%), extended left lobectomy (4%), 
and right lobectomy and left wedge (2%). The overall morbidity 
rate was 29%. The in-hospital mortality rate was 9%. As of No- 
vember 1991, 36 patients have recurred. The 5-year actuarial 
survival was 28%. Flow cytometry could be performed on 37 
archival specimens, 15 of which were found to be diploid whereas 
22 were aneuploid. All metastases from Dukes A colorectal pri- 
maries demonstrated a diploid DNA content. In addition, there 
was no difference in actuarial survival between diploid and aneu- 
ploid tumors. These data suggest that in selected patients, formal 
hepatic resection of colorectal liver metastases can be performed 
with an acceptable morbidity rate, mortality rate, and survival, 
but ploidy of the resected tumor is not of prognostic significance. 


HE LIVER IS a frequent and often the only site of 
metastases from colorectal cancer. As many as 
10% of patients with colorectal cancer present 
with concomitant liver metastases at the time of detection 
of their primary tumor and, in many patients who undergo 
presumed curative resection of their colorectal primary, 
the liver is a major site of recurrence. In the last decade, 
the number of resections of colorectal liver metastases has 
increased dramatically, and yet there remains no consen- 
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sus among surgeons regarding the appropriate indications 
for resection. 

Evidence is accumulating that flow cytometric analysis 
of DNA content has prognostic significance in many ma- 
lignancies.' Relatively few studies have examined the 
prognostic significance of ploidy in colorectal liver me- 
tastases.*? Ploidy may provide a reliable, objective indi- 
cator of tumor biology that may identify patients with 
neoplasms who are less likely to benefit from surgical in- 
tervention. In addition, now that chemotherapy has been 
shown to have a modest effect on the natural history of 
colorectal cancer,‘ future protocols of hepatic fesection 
will undoubtedly include chemotherapy arms. Properly 
designed clinical trials require knowledge about important 
prognostic variables. Therefore, we sought to review our 
results with formal hepatic resection of colorectal liver 
metastases and to determine if DNA content of the re- 
sected metastases was of prognostic significance. 


Materials and Methods 
Patients 


The records of all patients who underwent formal he- 
patic resection of colorectal liver metastases at the Medical 
College of Virginia from January 1980 to January 1991 
were reviewed. Isolated wedge resections were excluded 
from analysis. There were a total of 50 patients who un- 
derwent 52 formal resections with curative intent. The 
female:male ratio was 1.2:1, and the ages ranged from 37 
to 81 years, with a median of 56 years. The Dukes’ stages 
of the colorectal primaries were: A in 5 patients, B in 10 
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patients, C in 20 patients, D in 14 patients, and unknown 
in | patient. Hepatic recurrence was detected by a rising 
carcinoembryonic antigen level in 30 patients, whereas 
four patients were symptomatic, prompting computed 
tomography (CT scan). One patient presented with jaun- 
dice, whereas in another patient hepatic recurrence was 
detected at the time of laparotomy for a small bowel ob- 
struction. Preoperative evaluation consisted of physical 
examination and standard laboratory and radiologic as- 
sessment. Hepatic imaging consisted primarily of contrast- 


enhanced CT scan and, more recently, dynamic CT scan. | 


If the CT scan suggested the need for a major hepatic 
resection (i.e., lobectomy or extended lobectomy), hepatic 
angiography was performed to delineate hepatic arterial 
anatomy. In the absence of severe comorbid disease, ob- 
vious extrahepatic disease, or more than three hepatic 
metastases, laparotomy was advised. Intraoperative son- 
ography was routinely performed at the time of explo- 
ration to identify lesions not seen on CT scan as well as 
to demonstrate hepatic venous anatomy. The extent of 
hepatic resection performed appears in Table 1. Of the 
14 patients whose liver metastases were discovered at the 
time of resection of their primary bowel cancer (i.e., syn- 
chronous metastases), four underwent concomitant liver 
resection. Two patients with Dukes stage D disease at 
presentation had wedge resections of liver metastases per- 
formed concomitant with resection of the colorectal pri- 
mary at an outside institution. They subsequently devel- 
oped hepatic recurrence, prompting referral for formal 
hepatic resection. In the remaining eight patients with 
synchronous metastases, formal hepatic resection was de- 
layed 1 to 2 months after their bowel surgery. In those 
patients presenting with metachronous liver metastases, 
the interval from bowel surgery to liver resection ranged 
from 2 to 88 months, with a median of 20 months. Patient 
follow-up after hepatic resection was determined by the 
individual surgeon. Only two patients received adjuvant 
chemotherapy after hepatic resection. 


Preparation of Single-cell Suspension 


All resected liver specimens were previously fixed in 
formalin. Approximately four to five 50-4m sections were 
prepared from the paraffin-embedded blocks (Before 


TABLE 1. Extent of Hepatic Resection 


Hepatic Resection No. of Patients 





Right lobectomy 26 (50%) 
Extended right lobectomy 10 (19%) 
Left lobectomy 7 (13%) 
Left lateral segmentectomy 3 (6%) 
Left lobectomy and right wedge 3 (6%) 
Extended left lobectomy 2 (4%) 
Right lobectomy and left wedge 1 (2%) 
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preparation, a section of each block was examined patho- 
logically zo verify the presence of tumor.). The tissue then 
was deparaffinized in xylene followed by progressive re- 
hydration in ethanol at decreasing concentrations. The 
tissue was then minced into small pieces, resuspended in 
0.5% pepsin solution, and incubated for 2 hours at 37 C. 
After centrifugation at 1200 rpm for 5 minutes, the pellet 
was resuspended in RPMI 1640 culture media (Whittaker 
Labs, Walkersville, MD), filtered through 40-um nylon 
mesh to remove clumps, and counted to assure recovery 
of >1.0 = 10° total cells. The cells were again centrifuged, 
washed, and stored overnight in RPMI-1640 at 2 to 8 C. 


Cell Staining and DNA Analysis 


After storage, the cells were first centrifuged at 1200 
rpm for 5 minutes, then the pellet was resuspended in 
phosphat2-buffered saline (1.0 X 10° cells per 0.4 mL) 
and incubated in a 0.003% trypsin solution for 10 minutes. 
This was followed by the addition of a mixture of 2.5% 
trypsin inhibitor and 0.5% ribonuclease A and incubation 
for an additional 10 minutes. A solution of 2.5% propi- 
dium iodide and 5.8% spermine tetrachloride (Sigma 
Chemice! Co., St. Louis, MO) then was added directly to 
the cells on ice in light-free conditions. After 10 minutes, 
the cells were centrifuged at 1200 rpm for 5 minutes and 
resuspended in 1 mL RPMI. Cellular DNA was measured 
using a flow cytometer (FACSCAN, Becton Dickinson, 
Mountainveiw, CA). Data were analyzed using RFIT 
DNA sof-ware (Becton Dickinson). When possible, flow 
cytometr-c analysis also was run on normal liver as a con- 
trol. 


Definitiors 
Flow cvtometric analysis of specimens was performed 


by a single pathologist who was unaware of the clinical 


outcome 5f the patients. Tumors were considered diploid 
if the DNA histogram displayed a single Go/G; peak, 
whereas aneuploid tumors demonstrated more than one 
Go/G, peak. 


Statistica. Analysis 


Statistical analysis was done using the SAS statistical 
software package (SAS Institution, Cary, NC). Survival 
curves were generated using the Kaplan-Meier method.” 
Statistical significance between survival curves was deter- 
mined bv the Wilcoxon log-rank test.° 


Results 


Morbidity and Mortality Rates 


There were 16 complications, for a 29% morbidity rate. 
Not unexpectedly, the most frequent complication was a 
collection of bile (biloma). The in-hospital mortality rate 


A 
% 
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was 9%. The complications and causes of death appear 
in Table 2. The median estimated blood loss was 3000 
mL (range, 700 to 15,000 mL) and the median hospital 
stay was 16 days (range, 7 to 38 days). Patients who un- 
derwent liver resections concomitant with removal of 
the primary tumor and those in whom the estimated 
blood loss exceeded 3 L tended to have more complica- 
tions, although this did not reach statistical significance 
(p = 0.051). There was no relationship between age or 
extent of hepatic resection and frequency of complica- 
tions. 


Pathology of Hepatic Metastases 


The pathologic characteristics of the resected specimens 
appears in Table 3. Sixty-two per cent of patients had a 
single metastasis after pathologic examination of the re- 
sected specimen. Grossly, no patient had more than three 
metastases, but three resected specimens did exhibit tumor 
satellites surrounding a single metastasis. The size of le- 
sions ranged from 0.5 to 15.0 cm, with a median of 6.2 
cm. The pathologic margins were free of tumor in 81% 
of patients, microscopically involved in 17%, and un- 
known in 2%. 


Pattern and Treatment of Recurrence 


As of November 1991, 36 patients have recurred. Re- 
currence was determined by clinical, radiologic, and 
pathologic means. The locations of recurrences appear in 
Table 4. Most of those patients in whom the margins of 
resection were microscopically involved had recurrences 
in the liver. Of those 15 patients in whom the liver alone 
was the site of first recurrence, 10 were re-explored and 
five were reresected. Table 5 illustrates the characteristics 
of the reresected patients. One patient in whom the brain 
was the sole site of first recurrence, and another patient 
in whom the lung was the sole site of first recurrence, were 
treated surgically. One patient who recurred in the liver, 
but was unresectable at re-exploration, was treated with 
cryotherapy, whereas another was treated with combined 


TABLE 2. Morbidity and Mortality Rates 
No. of Patients 


Complication Nonfatal Fatal 
Biloma/abscess 
Pleural effusion 
Pneumothorax 

Deep vein thrombosis 
Splenectomy 
Coagulopathy 

Liver failure 
Myocardial infarction — 
Necrotizing fasciitis — 
Total 16/55 (29%) 


| mi a p p a O 
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5/55 (9%) 
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TABLE 3. Pathologic Characteristics 
Characteristic No. of Patients 


Microscopic margins 


Negative 42 (81%) 

Positive 9 (17%) 

Unknown ] (2%) 
No. of metastases 

Solitary 32 (62%) 

Two 12 (23%) 

Three 8 (15%) 
Size of metastases 

<6 cm 27 (52%) 

>6 cm 25 (48%) 
Distribution of metastases 

Unilobar 46 (88%) 

Bilobar 6 (12%) 


interstitial and external beam radiotherapy and chemo- 
therapy. An additional 10 patients who had recurrences 
were treated with chemotherapy. 


Survival 


As of November 1991, 36 patients have died: five were 
operative deaths and one patient died of pneumonia 3 
months after operation with no evidence of disease. The 
remaining 30 patients died of disease. Fourteen patients 
are alive: five with disease, and the remaining nine have 
no evidence of disease. The median follow-up of those 
patients alive without any evidence of disease is 41.5 
months. The actuarial survival curve appears in Figure 1. 


Ploidy of Resected Hepatic Metastases 


Parafiin-embedded blocks were recovered for 37 pa- 
tients. DNA histograms produced from tissue fixed before 
1983 were excluded secondary to fixative-induced artifact. 
DNA histograms representative of diploid and aneuploid 
specimens appear in Figure 2. The median coefficient of 
variance of all DNA histograms was 4.3 (range, 0.5 to 
9.3). The effect of DNA content on actuarial survival ap- 
pears in Figure 3. 


Discussion 


The natural history of colorectal liver metastases is not 
one of uniform demise within 6 months, but one of vary- 


TABLE 4. Pattern of Recurrence 


Site” No. of Patients 
Liver 15 
Lung 7 
Brain 2 
Multiple sites (including liver) 7 
Multiple sites (excluding liver) 5 
Total 36 
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TABLE 5. Hepatic Reresecticns 


First Resection 


Second Resection 


Status 


Disease-free Interval 


Patient Type of Resection 
| Left lateral segment 19 mo 
2 Left lateral segment li mo 
3 Extended right 26 mo 
lobectomy 
4 Left lobectomy 13 mo 
5 Extended left 31 mo 


lobectomy 


Type of Resection 


DOD 26 mo 
DOD 22 mo (liver negative) 
DOD 34 mo (liver negative) 


Right lobectomy 
Left lobectomy 
Wedge left lobe 


Wedge right lobe 
Wedge right lobe 


NED 18 mo 
NED 46 mo 


DOD, dead of disease; NED, no evidence of disease. 


ing survival depending primarily on tumor biology and 
extent of liver involvement. Better knowledge of liver 
anatomy as well as improved surgical techniques and 
perioperative care have resulted in a marked increase in 
the number of hepatic resections performed for colorectal 
liver metastases. Many argue that the results attributed 
to surgery merely reflect tumor biology rather than surgical 
success.’ Certainly those patients who undergo resection 
represent a select group. Our experience echoes the fact 
that preoperative staging 1s notoriously inaccurate. Im- 
aging studies tend to grossly underestimate the number 
of liver metastases and are even less sensitive at detecting 
intra-abdominal extrahepatic disease. More sophisticated 
and sensitive imaging studies are becoming available, but 
their specificity is not yet sufficient to deny patients lap- 
arotomy.’ Exploration allows more accurate staging of 
the extent of disease. Therefore, survival comparisons 
made between operative and nonoperative groups are in- 
appropriate. In addition, those patients considered as 
candidates for exploration inherently have a better prog- 
nosis simply because of less comorbid disease. Undoubt- 
edly, surgical selection plays a role in ultimate outcome, 
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Fic. 1. Actuarial survival of patients undergoing formal hepatic resection 
of colorectal liver metastases. 
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but in the absence of any other effective therapy or a con- 
trolled randomized trial, resection remains the treatment 
of choice for selected patients with hepatic colorectal me- 
tastases. 
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FIG. 2. Representative DNA histograms of resected metastases. 
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Fic. 3. Actuarial survival of patients undergoing formal hepatic resection 
of colorectal liver metastases: diploid versus aneuploid. 


The selection criteria for resection of hepatic metastases 
from colorectal carcinoma remain controversial. At one 
extreme, some advocate a “swiss cheese” approach, re- 
secting up to 13 separate liver metastases, and claim im- 
proved survival.!° Others prefer to “watch and wait,” al- 
lowing those who may not benefit from resection to de- 
clare themselves.'' This biologic selection process may 
improve survival statistics, but also may deny some pa- 
tients a potentially curative resection. Many of the gen- 
erally accepted criteria for resection have been generated 
from pooled data.'? Typically, we favor exploration in 
patients without evidence of extrahepatic disease and in 
whom there are less than four liver metastases docu- 
mented by preoperative imaging. Occasionally a more ag- 
gressive surgical approach is justified. For example, a pa- 
tient with solitary liver and lung metastases may benefit 
from staged resections. 

The operative technique of hepatic resection varies 
widely. Recently a variety of sophisticated devices have 
been brought into the operating room to aid the surgeon 
performing hepatic resection.!? No method has been 
proven superior, and we prefer finger fracture with me- 
ticulous hemostasis. One technique we have found useful 
is intraoperative ultrasound. Previously we have reported 
that intraoperative ultrasound was the most sensitive in- 
dicator of the number of lesions present in the liver and 
affected operative decision making in 49% of liver resec- 
tions for both primary and metastatic tumors.'* The 
amount of liver to resect is also controversial. Some ad- 
vocate wedge resection, others formal hepatic resection, 
and still others favor segmentectomy.!> Often it is safer 
to perform a formal resection rather then a large wedge 
resection, but the paramount principle is to remove the 
lesion with a adequate margin. 
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Although multi-institutional studies are valuable, it is 
impossible to standardize surgery and therefore it is im- 
perative for single institutions to periodically review their 
results. Our morbidity rate of 29% is comparable to that 
in published reports,!? and when one considers that this 
study excluded isolated wedge resections, a 9% mortality 
rate is not unreasonable. In addition, most of the in-hos- 
pital deaths were in the first few years of the study, and 
there have been no operative deaths in the last 4 years. 

There is evidence to suggest that patients with syn- 
chronous metastases who undergo liver resection con- 
comitant with resection of the colorectal primary have 
impaired survival compared with those who undergo de- 
layed resection.'® Although it is difficult to sort out selec- 
tion factors with respect to survival in these patients, our 
data at least suggest an increased morbidity rate with con- 
comitant formal hepatic resection. Most of these patients 
were in the first few years of the study. We now favor a 
policy of concomitant wedge resection or left lateral seg- 
mentectomy, but delay formal hepatic resection until the 
patient has recovered from his or her bowel surgery. The 
finding that intraoperative blood loss of more than 3 L 
correlates with postoperative complications has been re- 
ported by others!’ and may be related simply to the extent 
of resection. This assumes greater importance if one con- 
siders other reports of a detrimental effect of perioperative 
transfusion,’® and more recently hypotension, on ultimate 
survival. !? 

The patterns of recurrence in this study are similar to 
those reported by others.” Some of these recurrences rep- 
resent occult disease not detectable at the time of liver 
resection. The liver alone was a site of recurrence in 42% 
of cases. Liver recurrence either alone or as a part of dis- 
seminated disease was more common when the pathologic 
margins of the hepatic resection were positive and in the 
presence of bilobar metastases. Those patients with re- 
currence confined to the liver and believed to be suitable 
candidates for reresection were reexplored. Five of these 
patients were reresected, and two patients are alive without 
evidence of disease 18 and 48 months after the hepatic 
reresection. Although these numbers are small, combined 
with other reports?!” they suggest that reresection of co- 
lorectal liver metastases is also beneficial in selected ga- 
tients. The frequency of isolated liver recurrences raises 
the question whether regional adjuvant therapy might 
have any impact. Although it suffers from small numbers, 
one prospective randomized study recently reported an 
increased time to treatment failure in patients with solitary 
metastases that were resected and received intra-arterial 
FUdR after operation. Furthermore, none of those pa- 
tients had recurrences in the liver.” This, together with 
the data presented here in which the lung and multiple 
sites (excluding liver) were frequent sites of recurrence, 
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emphasize the need for effective systemic adjuvant ther- 
apy. The 5-year survival rate of 28% is similar to that in 
other published results. Some data suggest a plateau in 
the survival curve at 5 years,'* whereas others argue that 
these patients are never cured in that their survival curves 
never approach those of age-matched controls.” Although 
our data appeared to plateau, we did have a few late re- 
currences, emphasizing the need for long-term follow-up. 

Several studies have found flow cytometric analysis of 
tumor DNA ploidy to be of prognostic significance in a 
number of malignancies.” Kokal et al.” found ploidy to 
be the single most important variable in predicting both 
recurrence and death from disease in primary colorectal 
cancer. Others argue that DNA content provides little 
prognostic information over and above routine clinical 
and pathologic parameters.’ Although there is good cor- 
relation between fresh and archival samples with respect 
to ploidy, many studies fail to retrieve material on all 
patients, and therefore the data may not be representative 
of the entire population. Small sample size, limited follow- 
up, and methodologic variation between institutions rep- 
resent additional potential sources of error. 

In spite of these shortcomings, ploidy may offer an ob- 
jective measurement of tumor biology. There are few data 
concerning the prognostic significance of DNA content 
of hepatic metastases from colorectal cancer. In a study 
of 65 hepatic metastases from large bowel cancer, Ya- 
maguchi et al.? found DNA ploidy patterns to be a useful 
indicator of prognosis when subjected to multivariate 
analysis. Kokal et al.,? however, found that DNA content 
of 53 liver metastases from colorectal cancer bore no re- 
lationship to survival or response to therapy. Ten per cent 
of patients in this study had Dukes A colorectal primary 
tumors, and, in spite of this favorable pathology, devel- 
oped hepatic metastases. All of these colorectal primaries 
were diploid by flow cytometry. This small number to- 
gether with a failure to analyze a simular cohort of patients 
with Dukes A lesions who failed to develop metastases 
make any valid statistical analysis impossible. 

When we examined the relationship between ploidy 
and disease-free and overall survival, our data are consis- 
tent with those of Kokal et al.? There was no statistically 
significant difference in actuarial survival with respect to 
DNA content of the resected hepatic colorectal metastases. 
Although we were unable to accurately analyze the DNA 
histograms of specimens fixed before 1983, overall survival 
of these patients was representative of the original cohort. 
In addition, therapy of treatment failures (/.e., those that 
recurred after hepatic resection) was similar between dip- 
loid and aneuploid groups. Although this study suffers 
from small numbers, it suggests that once distant metas- 
tases are present, ploidy has no effect on survival. Other 
studies support the contention that in more advanced 
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stages of disease tumor ploidy loses any prognostic sig- 
nificance.”? 

Our experience suggests that in selected patients, formal 
hepatic resection of colorectal liver metastases can be per- 
formed with acceptable morbidity, mortality, and survival 
rates, but DNA content of the resected tumor is not of 
prognostic with respect to survival. Unfortunately, pat- 
terns of ~ecurrence stress the fact that surgery remains a 
local therapeutic modality, and more effective systemic 
therapy is desperately needed. 
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DISCUSSION 


Dr. R. Scott JONES (Charlottesville, Virginia): I want to compliment 
Dr. Parker and his colleagues for an excellent piece of work. This ob- 
viously is a fairly large series of patients accumulated over a short period 
and treated quite expertly. And I think that Dr. Parker shouk: be con- 
gratulated. I think much of the information that he presented would 
certainly support clearly the information that has accumulated from a 
number of institutions and is currently in the literature, And I think the 
new thing that he looks at that really deserves comment is the issue of 
what is the role of looking at DNA as a prognostic indicator. And the 
data that he showed us would suggest it is not particularly helpful, but 
I would like to suggest that there are some different ways of icoking at 
this. Particularly, with the data that Dr. Parker has, he could look at the 
nature of the primary tumors. He has the opportunity to lack at the 
tumors that were metastatic in the liver, which I think was information 
he showed us today. And he also has an opportunity to look at recurrent 
tumors after liver metastases. 

Now the reason I make that point is that it is theoretically possible 
that that information may change from one of those populations to the 
other. And it would be interesting to know, and you have the resources 
available to take a look at that. I think it would be especially interesting 
to know what the tumors looked like in those patients wha were re- 
resected. It might be interesting that those patients constitute a special 
subpopulation. 

I wanted to make one other point about flow cytometry end liver 
tumors. It was just a coincidence I happened to have on my desk some 
information when I talked to Dr. Parker about his work. There is a 
publication from Japan by Fujimoto. They studied a large number, 203 
patients, who had hepatocellular carcinoma, in which all were resected. 
They did the same kind of study on these hepatocellular carcinomas. 
And they found that the flow cytometry was a significant prognostic 
indicator in that population of patients. I think it is interesting to draw 
the contrast between that series of patients who had primary kepatocel- 
lular carcinomas and in whom DNA content was significantly predictive 
of survival and Dr. Parker’s population of patients of metastatic tumors 
in whom it was not. So I think that there is probably some room for 
further investigation in this issue of the biologic nature of the matenal 
in terms of prognosis. 

In any event, I want to support Dr. Parker and his colleagues in their 
work, I think they are really doing excellent work in this feid, and it 
was a pleasure to hear your presentation, Dr. Parker, and also to read 
your manuscript. Thank you very much. 


Dr. HAROLD J. WANEBO (Providence, Rhode Island): President 
Ochsner, Dr. Jones, I also want to compliment Dr. Parker and his group 
for both an excellent presentation and a nice review and their effort to 
look at ploidy. It was interesting that he showed that some patients with 
Dukes’ A cancer can metastasize. I think we are all aware of that, but 
sometimes we forget that point. I think your 5-year survival rate basically 
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parallels what has been reported in the literature. And also, I think you 
point out that there is a failure rate of 70%, and this is an area that we 
have to address. I have some questions. First of all, George, in your 
examination of the margin, you had 80% clear margins, but vou also 
had about 20% positive margins. Do you take any steps to avoid gettirg 
a positive margin? I have been dismayed myself to find that after resection 
when I give it to the pathologist, he will frequently say, “Oh, this margin 
is close.” And | will go back and redo it. So now I ink all our specimens, 
and I just wondered is this of value. 

You mentioned that there was not a survival difference in the group 
that had positive margins, but I just wondered if you look at that more 
carefully whether or not there is some subtle change. I think Kevin Hughes 
has shown that the ones who did the best in their natural history survival 
registry were the ones that did have clear margins. 

The second question I would ask is, are there some negative selection 
factors? Are there some patients on whom we actually should not operate? 
For example, the patient who has a short free interval whose primary 
tumor was an aggressive Dukes C. I am personally always concerned 
about that group and would wonder if it 1s of value to try to resect those 
patients. Thirdly, there is a problem sometimes with blood loss in these 
patients. Is there value in using something like the cell saver? Again, I 
want to thank the Association for the privilege of the floor and the op- 
portunity to hear this very nice paper. 


Dr. LESTER WILLIAMS (Nashville, Tennessee): Dr. Ochsner, Dr. Jones, 
I tried to decline the request to discuss this paper on the basis that I wes 
a reluctant supporter of the general concept. Dr. Parker convinced me 
that I should make that point even though it would be less than supportive. 
Thus, I have seen the manuscript and I did agree to discuss it. 

Before going to Nashville, I was exposed to the philosophy of Blake 
Cady, Bill McDermott and Bill Silen and that is the basis for saying I 
might be less than supportive. Their philosophy was that the patients 
who fulfill the usually accepted criteria to have the liver resected usually 
have a small bulk of tumor confined to the liver. By that observation 
alone in almost all cases, they have a biologically favorable tumor. And 
the issue for us is not that the patient lived longer than appropriate 
controls, but lived longer than the “‘expected death within months,” 
derived from historic controls. And so they have been suggesting thet 
the best criterion for a biologically favorable tumor was the fact that -t 
could be resected. In fact, in this manuscript that is true for most of 
these patients, as it is for most other reports. We now know that ploidy 
does not help us much. This question is, can we pick out favorable 
patients? And if we cannot, should we begin to look at adjuvant therapy 
and accept that the patient who becomes a candidate for this kind cf 
surgery is by definition-——although we do not understand why—biolog- 
ically different than most. And as such, are there routine adjuvant ways 
that we should be treating these patients? Thank you for the opportunity 
to discuss it. 
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Dr. D. SCOTT LIND (Closing discussion): Thank you, Dr.; Ochsner 
and Dr. Jones. First, ] want to thank Dr. Parker and the Society for the 
opportunity to attend the meeting and the privilege to close on this 
paper. I also want to thank the discussants for their valuable questions. 

First, Dr. Jones, you mentioned that study from Japan. I think there 
they were looking at primary hepatocellular carcinoma. Here we are 
looking at metastatic disease. And I think one of the reasons that we 
may not have found that ploidy was prognostic was that the disease has 
advanced to the point where ploidy is no longer a prognostic factor. And 
there is support in the literature for that. Dr. Kokal in the Archives of 
Surgery, 1986, showed that ploidy was an important prognosticator in 
primary colorectal cancer but lost its effect once the disease had metas- 
tasized. 

The other question about looking at the patients that we re-resected, 
looking at their ploidy, I think is a good one. We have not done this; 
the numbers are small. But I think it would be valuable to pursue that 
in the future. Your other point about comparing the ploidy of the primary 
with that of the resected metastasis, we have not done that. That also 
would be a good idea. That has been done in the past, and ploidy does 
tend to remain constant with the progression of disease. 

Dr. Wanebo, your question about the Dukes A patients: as Dr. Parker 
mentioned, we were surprised that we had so many. We did look at the 
ploidy of these resected primaries and found that although there were 
only five, they were all diploid — clearly too small a group to make any 
significant deduction about that. As you mentioned, we did have a 19% 
rate of microscopically positive margins. We do not routinely rely on 
intraoperative margins sending it over to pathology. I think one reason 
why some of these we did not see recur was that maybe we picked up 
their distant metastases, and they died before detection of their local 
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recurrence. As far as the disease-free interval goes, our Dukes C patients 
did have impaired overall survival, but I do not think it was low enough 
to deny them potentially curative resection. We do use the cell saver 
when we feel it is required. Our preoperative imaging studies have been 
notoriousl / inaccurate and, therefore, many patients that are explored, 
perhaps atout 50%, are not resected, so we do not line up the patients 
initially. Ye wait to decide whether or not it, is a go and then use the 
cell saver end appropriate monitoring devices. 

Dr. Wiliams, regarding your questions, clearly, I agree with you, this 
is a select zroup, and there are a number of selection factors that work 
here. These never will be a randomized prospective study, but I still 
think in the absence of any other effective therapy that this is the therapy 
of choice. There are no good selection criteria. Some argue that you can 
resect from one to 13 metastases in a Swiss cheese approach. Others 
adopt a watch-and-wait philosophy; however, some of those patients 
may be d2nied a potentially curative resection. And we kind of adopt a 
comprorse policy, and patients that have no severe comorbid disease 
and have ro more than three metastases on a preoperative imaging study 
or extrahepatic metastases are the patients that we think should undergo 
exploration. 

I would like to show one additional slide, if I could. We also looked 
at S-phase and I will remind you that these were performed on paraffin- 
embedded. archival specimens, but we found no difference in survival 
with respect to S-phase. Our median S-phase was 28, which is very high, 
and there was no difference. And I think, once again, this just echoes 
the fact that we are dealing with metastatic disease. And at this point 
the ploidy or S-phase fraction, which is indicative of the prolific activity 
of the turor, loses its prognostic significance. I would like to thank the 
Society for the privilege of the floor. 
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Advanced pelvic cancer is a formidable challenge to surgical re- 
section. These tumors commonly invade the bony pelvis, may 
involve other viscera, and usually have been irradiated previously. 
The authors are presenting experience with 76 patients who had 
composite resection of posterior or lateral pelvic malignancy. 
Fifty-eight patients had secondary cancers involving the mus- 
culoskeletal pelvis. This included 47 patients with advanced car- 
cinoma of the rectum (41 curative, 6 palliative), 10 epidermoid 
cancers of the anorectum (8) or cervix (2), and 1 bladder cancer. 
Among the 18 patients with primary pelvic tumors were three 
patients with chordomas, six with bone tumors (osteasarcoma 
chondrosarcoma, grade III giant cell tumor), and nine with soft 
tissue tumors. All required major resection of the sacrum or 
pelvic side walls, and one half had an additional exenterative 
procedure. The overall mortality rate was 7.9%. Long-term es- 
timated survival was 24% in patients having curative resection 
of recurrent rectal cancer, and 22.5% in 10 patients with advanced 
epidermoid cancer. Fifty per cent of patients with primary bone 
or soft tissue tumors survived from 13 to 88 months. Most pa- 
tients had reasonable return of function, and were able to return 
to work or resume their normal previous lifestyle. 


X TENSIVE TUMORS OF the musculoskeletal pelvis 

are formidable challenges to the surgeon. De- 

pending on location and tumor histology, there 
are complex biologic considerations, as well as inherent 
technical difficulties facing the extirpative surgeon, and 
short- and long-term risks to the patient.! The major issue 
is oncologic control, which requires complete resection 
of all tumor complemented by radiation therapy or che- 
motherapy where appropriate.* Of equal importance to 
surgical resectability and patient tolerance of the proce- 
dure is the potential for function preservation,*>~’ and the 
needs for reconstruction and rehabilitation, and perhaps, 
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long-term adjuvant therapy.® The necessity of a multi- 
disciplinary surgical and oncologic approach is obvious. 

The nature and location of the tumor largely determine 
the options for resection. Primary tumors of the lateral 
pelvis (ileum, ischium) may be resected using a limb-con- 
serving approach (internal hemipelvectomy),*~’ whereas 
secondary tumors in these areas are often more invasive 
into surrounding soft tissues, and are less amenable to 
conservative resection, requiring a full or modified hem- 
ipelvectomy.' Primary tumors of the posterior pelvis 
(sacrum) are usually amenable to sacral resection with 
preservation of rectum.?”'> After resection of these lesions, 
issues of urogenital and anorectal denervation and possible 
lower extremity weakness may require aggressive efforts 
at physical therapy and rehabilitation.” !? Secondary tu- 
mors in this area are more extensive, requiring composite 
resection of viscera, soft tissue, and bone. Commonly, an 
exenterative procedure is done in conjunction with the 
complete soft tissue and bone resection.'*-!® In most cases, 
neuromuscular function can be retained, with extremely 
aggressive resections or amputations rarely required.'> 

This paper emphasizes the surgical approaches and re- 
sults in treating a group of patients with a variety of pri- 
mary and secondary tumors involving viscera and mus- 
culoskeletal elements of the pelvis. 


Materials and Methods 
Preoperative Evaluation 


Clinical examination included careful assessment of 
neuromuscular function of lower extremities and any pre- 
existing deficits related to the tumor. A rectal examination 
(if feasible) and vaginal examination helped to assess tu- 
mor extent, lateral wall fixation, and possible involvement 
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of anterior pelvic viscera (bladder). Essential radiologic 
studies included computed tomography of pelvis and ab- 
domen, chest film, plain films of lumbosacral bones, bone 
scan, and in selected patients, a magnetic resonance im- 
aging scan. The sagittal view of magnetic resonance im- 
aging was useful to indicate the extent and level of sacral 
involvement. Arteriograms were done only in patients 
with extensive tumors. A computed tomography—directed 
fine needle aspiration cytology was used to confirm pres- 
ence of advanced rectal cancer or epidermoid cancer. Al- 
though fine needle aspiration was less accurate with pri- 
mary tumors, it was useful in many patients when com- 
bined with radiologic findings. In selected cases of primary 
tumors of the sacrum, an open biopsy was required. 


Preoperative Planning 


In addition to surgical planning, preoperative therapy 
was considered in all patients. Patients with large bulky 
primary sarcomas were considered for preoperative ther- 
apy with radiation or chemotherapy. In other primary 
tumors, such as chordomas, postoperative radiation was 
generally done. In patients with secondary tumors, either 
locally extensive, or recurrent rectal adenocarcinoma or 
epidermoid carcinoma of the anorectum, preoperative 
therapy was given unless the patient had been irradiated 
previously. Radiation dosages in the 4500 to 5000 cGy 
range were administered in addition to sensitizing che- 
motherapy (depending on tumor type): Adriamycin (Ad- 
ria Laboratories, Columbus, OH) with sarcomas, 5-fluo- 
rouracil/cisplatinum or mitomycin C combinations for 
adenocarcinoma or epidermoid cancer to facilitate sur- 
gical control. ”!® 0 

In the current study, the following chemotherapy pro- 
tocols were used: 

Primary sarcomas. Radiation 3000 to 3500 cGy in 10 
to 15 fractions Adriamycin 30 mg/day X 3 with contin- 
uous infusion (as radiation sensitizer) 

Recurrent rectal adenocarcinoma. Radiation 4500 to 
5000 cGy in 20 to 25 fractions (if not previously treated), 
and sensitizing 5-fluorouracil 750 mg/M?/d X 5 

Advanced epidermoid cancer. Radiation 3000 cGy, in 
15 fractions plus 5-fluorouracil 750 mg/M?/d X-5, and 
mitomycin C 15 mg/M? X 1 


Patient Population 


A total of 76 patients were treated, including 18 with 
primary tumors and 58 with secondary tumors involving 
the true pelvis (Table 1). Among the 18 patients with pri- 
mary tumors, there were eight women, 10 men, average 
age 47 years. In all but two patients, there was involvement 
of the musculoskeletal elements of the pelvis by the vis- 
ceral tumor necessitating a composite resection. Special 
approaches were required for access to and safe removal 
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of the tz:mor in two patients with extensive soft tissue 
sarcoma. Patients with extensive cancers who had visceral 
resections only, such as exenteration, were excluded from 
this review. 

Primazy posterior pelvic tumors that invaded the sa- 
crum inc.uded three chordomas, three schwannomas, and 
one of each of the following: osteosarcoma, malignant 
giant ceil tumor, chondrosarcoma, liposarcoma, neuro- 
sarcoma, and synovial sarcoma. Two patients had massive 
presacral space tumors; one hemangiopericytoma and one 
very extensive liposarcoma. These two required access by 
an abdominal inguinal incision and one had removal of 
the accompanying internal iliac artery and vein, to facil- 
itate wide-field resection. Three had lateral pelvic tumors 
(ileum ard ischium), and one patient had primary chon- 
drosarcoma of the symphysis pubis. 

Among the secondarily involving cancers of the pos- 
terior pelvis, two patients had advanced primary rectal 
cancer,” and 45 had recurrent rectal adenocarcinoma.*? 
Six had palliative resections, and 41 had resection with 
curative mtent (Table 1). 

These Ddatients included 17 women and 30 men, with 
a median age of 56. The characteristics of the 41 patients 
resected for cure are shown in Table 2 and their previous 
radiation history in Table 3. In this group, the free interval 
period (time to recurrence) was 23 months. Twenty-three 
patients (56%) had previous abdominoperineal resection, 
and the remaining had a sphincter-saving procedure. Their 
initial stage was Dukes A in 1, B2 to B3 in 18 patients, 
and Dukes C in 17 patients. In five, the Dukes stage was 
unknown. The palliative resections (with known extra- 
pelvic diszase) were done in patients who had large bulky 
tumors that were infected, had fistulized, or had developed 
open ulcezated, painful, malodorous lesions. In such cases, 
there was disease outside of the true pelvis. 

The CEA level was < 5 ng/mL in 16 patients and > 5.0 
ng/mL in 18 patients. Among the latter, 36% were 5 to 
20 ng/mL, 45% were 21 to 100 ng/mL, and 9% were 
> 100 n2/mL. In seven patients, the preoperative CEA 
levels were unavailable. 


TABLE L Extensive Pelvic Tumors: Secondary Tumors (n = 58) 





Tumor No. 

Posterior pelvis 55 
Acdivanced/recurrent rectal cancer 47 
Curative 4} 
Palliative 6 
Epidermoid cancer 8 
Advanced anorectal 7 
Advanced cervix I 
Lateral pelvis 2 


Locally advanced 
Cervix cancer l 
Anorectal cancer 
Symphysis pubis 
Locally advanced bladder cancer 
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TABLE 2. Rectal Cancer: Pelvic Recurrence, Resections, 
and Curative Intent 


No. oT Patients 


Patient characteristic 
Age (mean) 59 yr 
Sex (M/F) 26/15 
Free interval time to 
recurrence (median) 23 mo 
Time with recurrence (median) 5 mo 
Previous surgery 
Anterior resection 
Abdominoperineal resection 
AR — APR 
APR — exenteration 
Fulguration alone 
None 
Original Dukes stage (Astler~Coller) 
A 
B2 
B3 
C 
Unknown 
CEA level 
<5 ng/mL Jé 
>5 ng/mL Lg 
N/A 7 
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AR, anterior resection; APR, abdominoperineal resection. 


For purposes of comparison, a group of 30 patients 
with recurrent rectal cancer has been reviewed (details 
previously reported)'® who were treated with irradiation 
+ chemotherapy without resection. This included 14 men 
and 16 women, mean age, 60 (range, 33 to 80 years) Pre- 
vious surgery included abdominoperineal resection, 24 
patients, and low anterior resection, six patients. Original 
stage was A or B in two patients, classic Dukes B in 13 
patients, and Dukes C in 15 patients. 

Among the patients with epidermoid cancers that in- 
vaded the sacrum were seven with advanced anorectal 
cancer, and one cervical epidermoid cancer. An additional 
two patients, one with cancer of cervical, the other with 
cancer of anorectal origin, had involvement of the pos- 
terior and lateral pelvis, and one patient with a bladder 
cancer had involvement of the symphysis. 


Operative Procedures 


The operative approach was determined by the extent 
and nature of the primary tumor.!® In patients with pri- 
mary tumors of the sacrum, a laparotomy was required 
to separate the rectum from the presacral tumor and to 
devascularize the posterior pelvis. In patients with recur- 
rent rectal cancer or advanced cervical carcinoma, the 
abdominal approach commonly included a pelvic node 
dissection and frequently an exenteration in conjunction 
with the posterior resection (Table 4). 

During the posterior approach, a laminectomy was 
done to visualize the dural sac and the nerve roots. The 
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TABLE 3. Pelvic Recurrences: Previous Irradiation and 
Curative Resections 
Irradiation No. of Patients 
None 
3000-4500 cGy 
5000-6000 cGy 
6000-7000 cGy 
>7000 cGy 
Unknown 
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nerve roots were dissected free at the level of sacral re- 
section, and preserved if there was no gross tumor in- 
volvement. For large pelvic schwannomas, most of the 
posterior nerve roots not involved by tumor could be dis- 
sected free and preserved. In the case of primary large 
tumors of the sacrum (chordoma or sarcoma) or recurrent 
rectal carcinoma, an en bloc resection was required, which 
included the sacral nerve roots at the level of the tumor. 


Results 
Recurrent Rectal Cancer Group 


Among the patients resected for recurrent rectal car- 
cinoma, 4! were resected with curative intent and six for 
palliation. In the palliative group, resections were done 
to control unremitting local disease and, although efforts 
were made to obtain clear margins, disease beyond the 
pelvic resection site precluded curative resection. Twenty- 
two patients required an exenteration or had other organs 
resected in conjunction with the sacrum. In 36 patients, 
the surgical margin was clear, and in five there was mi- 
croscopic involvement in spite of gross clearance of the 
tumor. The blood loss and operative time is shown in 
Table 5. In most of the rectal cancer patients, a staged 
procedure was done (the anterior phase usually requiring 
10 hours and the posterior approach 5 to 6 hours). Of 
patients with long-term follow-up (>6 months), 30 of 31 
(96%) had relief of initial symptoms, pain, mass, or fistula. 
Overall, 23 of 35 patients (66%) returned to previous life- 
style, and 12 of 28 returned to work. 


TABLE 4, Pelvic Recurrence: Extent of Resection and Curative Intent 


Extent of Resection No. of Patients 





Other organs resected 


Rectum 15 
Bladder* 23 
Partial bladder resection l 
Prostate/seminal vesicles 16 
Vagina 7 
Total abdominal hysterectomy 4 
Segmental bowel resection 6 





* All required ileal conduit. 
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TABLE 5. Pelvic Recurrences: Operative Details and 
Curative Resections 


Operative blood loss 
Estimated blood loss 10,000 mL mean 

8000 mL median 

20 units mean 


15 units median 


Replaced blood volume 


Operative time 
18.5 hr mean 
18.0 hr median 


Survival 


Of the six patients who had palliative resections, the 
survival ranged from 2 to 12 months (2, 4, 8, 9, 11, 12 
months). In the 41 patients resected for cure, the median 
disease-free survival was 24 months, overall median sur- 
vival was 36 months, and the 5-year estimated survival 
was 24% (Figs. 1, 2), There were five patients surviving 
67 to 168 months (Table 6). In comparison, in the group 
of 30 patients with rectal recurrence treated by irradiation, 
the median survival was 15 months, with 5-year survival 
of 3% (Fig. 2). 


Epidermoid Cancer Group 


In the group with epidermoid carcinoma (Table 6), 
seven had advanced anorectal cancers requiring abdom- 
inal sacral resections. All had been pretreated with a reg- 
imen of chemotherapy and radiation before operation. 
One patient developed a second tumor (carcinoma of the 
gallbladder) that was the cause of death at 28 months. An 
additional patient with recurrent epidermoid carcinoma 
required a hemipelvectomy to control disease in the pos- 
terior lateral pelvis, and died of disease within 9 months. 
Two patients were resected for recurrence of cervical can- 
cer involving the posterior pelvis or posterior and lateral 
pelvis. One is surviving at 48 months with no evidence 
of disease after hemisacrectomy; the other patient died 
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after 12 months of metastatic cancer after hemipelvec- 
tomy. One patient with a bladder cancer that invaded the 
symphysis pubis died of numerous complications 90 days 
after composite resection of the central portion of the 
pelvis. 


Primary Tumors 


In the entire group of patients resected for primary tu- 
mors of the pelvis, the estimated survival was 52% at 5 
years (Fiz. 3). The actual survival is listed in Table 7. 


Level of Sacral Resection 


Among the primary tumor group were two patients 
with resections at L5-S1 and between L3 and L4. All of 
the carcinoma patients had resections between S1 and S2 
or lower. Three patients had unilateral hemisacrectomy 
with nerve preservation (Table 8). 


Mortalit» Rate 


In the 47 patients resected for pelvic recurrence of rectal 
cancer, four (8.5%) had perioperative deaths. One patient 
died of a platelet-induced coagulopathy and myocardial 
infarction 24 hours after surgery. There were three delayed 
hospital deaths at 35, 40, and 52 days from cerebrovas- 
cular accident (1 patient), and multisystem organ failure 
(2 patients). One patient died after removal ofa recurrent 
bladder cancer involving the symphysis pubis at 90 days 
among the 11 patients grouped as “epidermoid cancers.” 
One patsent died of a postoperative myocardial infarc- 
tion at 48 hours after sacrectomy for a chordoma. The 
total lonz-term hospital mortality rate was 6 of 76 pa- 
tients (7.3%). 


Morbidity Rate 


In the 58 patients having abdominal sacral resection 
for recurrent or advanced epidermoid or rectal cancer, 
major complications were cardiopulmonary insufficiency 


TABLE 6. Status of Patients With Secondary Tumo-s of the Posterior Pelvis 


Secondary Tumor Procedure 
No. of No. of 
Type Patients Type Patients 
Rectal adenocarcinoma 47 Resection with 4i 
curative intent 
Palliative resection 6 
Epidermoid carcinoma 8 Resection with 8 


of the anorectum curative intent 


* Median. 


Patient Status Long-term Survivors 


Duration of 

No. of Duration of Follow-up Follow-up 
Status Patients (mo) Status (mo) 
NED 10 NED 168 
DOD 22 NED 103 
DOC 4 36* DOD 82 
LWD l LWD AD 
POD 4 NED 67 
DOD 6 (2, 4, 8, 9, 11, 12 mo) —_ — 
DOD 6 (7,9, 11, 13, 24,28 mo) NED 
DOC | (7 mo) 
NED ] (153 mo) NED 153 


NED, no evidence of disease; DOD, dead of disease; DOC, dead of 
other cause; LWD, living with disease; POD, postoperative death. 
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Fic. 1. The median disease-free survival was 24 months, and the overall survival was 36 months in 41 patients who underwent resection of recurrent 
rectal cancer with curative intent. 
requiring prolonged intubation in 10, postoperative hem- wound infection (11 patients) and flap separation (16 pa- 
orrhage requiring a return to the operating room in six tients), all in patients who had been heavily irradiated 
patients, and renal failure in five patients. Fistulization (Table 9). Among the patients resected for primary pelvic’ 
of the bowel occurred in eight patients and of the ureter tumors, markedly fewer complications occurred. The op- 
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Fic. 2. Estimated 5-year survival was 24%, and median survival was 36 months after resection of recurrent rectal cancer in 41 patients compared 
with 3% and 15 months median survival in 30 patients treated by radiation alone. p < 0.001. 
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TABLE 7. Status of Patients With Primary Tumors 
of the Posterior Pelvis 
Patient Follow-up 
Primary Tumor Age ' Sex Status (mo) . 
Chordoma 58 F DOD 179 
70 M POD — 
55 M DOD 30 
Schwannoma 46 F DOD 1S 
27 M NED 26 
40 M NED l4 
Liposarcoma 70 M DOD 13- 
83 F DOD 25 
Osteosarcoma 20 M DOD 19 
Chondrosarcoma 54 F NED 136 
Neurosarcoma 40 F NED 48 
Synovial sarcoma Le F DOD a 
Giant cell tumor 45 M NED 92 
Hemangiopericytoma 38 M NED 27 
Lateral/posterior pelvis 
Liposarcoma 70 F DOD 16 
Giant cell tumor 47 F NED 101 
Giant cell tumor 45 F NED 69 
Chodrosarcoma 63 M NED 112 


DOD, dead of disease; POD, postoperative death; NED, no evidence 


of disease. 


five patients and one patient had a femoral nerve injury 
secondary to. ischemia associated: with an occluded right 
femoral artery. Six patients had documented venous 
thromboses, but no recognized episodes of pulmonary 
embolism. 


Functional Results After Sacrectomy 


The functional results after resection in patients with 
primary posterior pelvic tumors depended on the extent 
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and level of sacral resection (Table 10). Anorectal function 
was normal in patients having low sacral resections (at or 
distal to the S3 level) or in patients who had unilateral 
resection of sacral roots. Anorectal and urogenital function 
was compromised by bilateral resection levels of S3 and 
above. One male patient who had resection of the $2 and 
3 nerve roots on one side had essentially no deficit of 
urogenital or anorectal function. A second male patient 
who had a hemisacrectomy with preservation of S1, S2, 
and S3 on one side had moderate retention of urogenital] 
function. in other words, bladder tone was good, and he 
had sensation of bladder distention at 200 mL, but did 
not have erectile capacity and had essentially absent an- 
orectal tane and anorectal function. A woman with hemi- 
sacrectomy involving sacral roots S1 through S5 had nu- 
merous ~ectal and urologic problems mostly related to 
fistulae in irradiated tissue. She did have persistent leg 
weakness (SI root removal). Generally, female patients 
had less urinary retentive problems, for anatomic reasons. 
Patients with resection at the S1, S2 level could manage 
urologic function by practicing Credé at defined periods. 
In male patients with a high sacral resection, (through the 
S1 level’, periodic catheterization was additionally re- 
quired. In some cases, the patients did have incontinence, 


= which was’ improved by taking ephedrine. One patient 


after resection of sacral chondrosarcoma had persistent 
incontin2nce and required placement of a periurethral 
device for control with moderate effectiveness (this re- 
quired subsequent removal because of infection). The pa- 
tients with impairment of anorectal function could be 
managec by rectal irrigation every other day to control 
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Fic. 3. Survival in patient with primary pelvic tumors after abdominal sacral resection. Median survival is not yet reached. Estimated 5-year survival 


- was 52%. 
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TABLE 8. Posterior Pelvic Tumors: Sacral Resection Level 
Primary Tumors Secondary Tumors* 


L3-4 1 Si-2 47 


L5-S1 l S3 ` 5 
S§1-2 7 $4-5 2 
Partial removal 

§2-5 {* S1~-5 1* 
§$2-5 \|* 


* Hemisacrectomy. 


bowel function. The practice of Kegel (natural birth ex- 
ercises) possibly aided rectal tone. The problem of im- 
potency was managed by urologic placement of a penile 
prosthesis. 

Long-term functional results were evaluable in 35 of 
41 patients having curative resection of recurrent rectal 
cancer. These patients all had pain in the perineum or 
perineal area before resection. In all but one patient (30/ 
31), there was relief of this burning, boring pain. In 12 


patients, however, this pain was replaced with a secondary | 


pain related to the surgery, either a phantom pain or a 
musculoskeletal pain, or sciatic pain (causalgiai: these 
symptoms generally abated within 3 months. All patients 
were referred for rehabilitation and generally required 
physical therapy in a rehabilitation center and subsequent 
ageressive outpatient therapy. 


Discussion 


This report has emphasized the role of surgical extir- 
pation of primary or recurrent malignancy that involves 
the major musculoskeletal elements of the posterior or 
posterolateral pelvis. Although these are diverse tumors, 
surgical considerations are similar. Whatever the tumor 
type, it is essential to obtain microscopically clear margins 
with resection. In patients resected for pelvic recurrence 
of rectal cancer in which all disease is resected (curative 
intent), the actuarial survival was 24%, and five patients 
survived beyond 5 years. These results are paralleled by 
other reports,'*!° and suggest that in well-selected patients 
with advanced primary or recurrent rectal cancer, com- 
plete removal of the tumor by abdominal sacral resection 
can achieve respectable long-term control rates. The long- 
term results are similar to those reported after resection 
of liver metastases from colorectal cancer.”° The results 
of resection of advanced epidermoid carcinoma that is 
fixed in the pelvis and invades the bony.elements are less 
favorable (approximately 15% survival). Although patients 
with early epidermoid carcinoma of the anorectum gen- 
erally have high response rates to chemotherapy and ra- 
diation (frequently obviating need of radical resection), 
those with very large tumors are less responsive and re- 
quire extended resections to obtain local control.” Re- 
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current epidermoid cancers of the cervix rarely present 
with isolated pelvic bone invasion. Selected patients may 
merit an aggressive resection (one of two patients in this 
series is surviving with no evidence of disease for more 
than 48 months). In patients with primary sacral tumors, 
either chordoma or sarcoma or the variety of giant cell 
tumors that occur in this region, resection with complete 
removal of the tumor is possible by abdominal sacral re- 
section by the lateral approach”! or by a combination of 
these approaches, as used by various authors. 7 1- 
The management of extensive pelvic tumors commonly 
requires interaction among surgeons from different dis- 
ciplines to effectively accommodate total tumor removal, 
reconstruction, and restoration of function. Rehabilitation 
is a major portion of the postoperative care, and most 
patients require a comprehensive rehabilitation program. 
Because of the high risk for recurrence, multidisciplin- 
ary therapy is essential, depending on tumor type, the 
stage of disease, and whether a primary or recurrent tumor 
is involved. The patients with primary sarcomas, when 


TABLE 9. Mortality and Complications After Resection of Tumors 
of the Musculoskeletal Pelvis 


Rectal Epidermoid Primary 
Adenocarcinoma Carcinoma Tumors 
(n = 47) {n= 11) (n = 18) 
Perioperative mortality 4 (8.5%) l l 
Complications 
Cardiovascular 
Myocardial ischemia, ; 

arrhythmia 2 l 0 
Pneumonia 2 0 0 
Pulmonary insufficiency 

(prolonged enterbation/ 

ARDS) 8 2 0 
Intraoperative coagulopathy l 0 2 
Postoperative hemorrhage 6 Q 3 

Fistula 
Small bowel/large bowel 5 3 ] 
Bladder/ureteral 3 0 2 
Infection 
Sepsis 14 i 9 
Urinary tract 5 0 0 
Wound complications 
Wound infection 7 5 I 
Posterior wound infection/ ' 
flap separation 15 i ! 
Bowel/urinary 
Small bowel obstruction 4 0 0 
Renal failure 5 9 l 
Hydronephrosis, ureteral 
stricture 0 l 0 
Urinary incontinence 0 0 3 
Urinary retention 0 0 l 
Vascular/nerve 
Perineal nerve palsy 3 l 0 
Deep venous thrombosis 2 2 2 
Arterial transection/ 
ischemia 
Myonecrosis 0 0 l 
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TABLE 10. Function After Posterior Resection far Primary Tumors 


Sacral Resection 


Function 0-4 (normal) 


Level Age Sex Sensory Locomotion Anorectal Bladder Sexual 

L3-4 20 M Lower extremity paralysis 0 0 0 
Has hip flexion 
Anesthesia below hip 

L5-S] 45 M Plantar flexion 0-1 1-2 0 
Sensation foot/ankle 

51/82 48 F Plantar flexion 0-1 0-1 NE 
Sensation foot/ankle 

S$1/S2 55 M Plantar flexion 0-1 0-1 NE 

S1/S2 54 F None 1-2 0-1 NE 

Unilateral Sl->5 40 M Lower leg weakness, transient 0 2 

Unilateral! S2, 3, 4 27 M Normal leg function 4 4 4 

$2-3 24 F Normal leg function {1-2 1-2 NE 


NE, not evaluated. 


possible, were treated with a protocol consisting of pelvic 
radiation 3000 cGy in 10 fractions and a 72-hour contin- 
uous infusion of Adriamycin 30 mg/M2/d (as originally: 
described by Eilber et al.*). This therapy was generally 
well tolerated but was restricted to patients not previously 
irradiated. This type of protocol, coupled with adequate 
resection with achievement of microscopically clear mar- 
gins, appears to have value in the patients with high-grade 
sarcomas.” Perhaps more aggressive chemotherapeutic 
programs would produce better control of distant disease, 
although the issue of adjuvant therapy for sarcomas is still 
controversial.® 

Patients with locally advanced or recurrent epidermoid 
carcinoma of the anorectum that presented as massive 
tumors also were treated with radiation 3000 cGy plus 
continuous infusion fluorouracil (750 mg/M72/d) for 4 
days, plus a single injection of mitomycin C 10 mg/M7, 
or injection of cisplatinum (25 mg/M?/d X 3).!’ Patients 
with recurrent adenocarcinoma of the rectum generally 
had been radiated previously. In the event that patients 
with locally advanced rectal cancer had not been irradi- 
ated, we would advocate the use of preoperative radiation 
4500 rads plus sensitizing fluorouracil.” In general, 4500 
to 5000 cGy in conjunction with sensitizing fluorouracil 
(15 mg/kg/d X 3 days, or continuous infusion dose of 
750 mg/M?/d X 4 days) is well tolerated. 

The optimum combined chemoradiation protocol is 
still not well defined, especially in these patients with lo- 
cally extensive tumors. Because of the extensive nature 
of these tumors, the use of preoperative radiation appears 
obligatory if the patient has not been previously treated, 
to minimize the chance for recurrence in the pelvis. In 
this series, all but two of the patients with recurrent rectal 


cancer had been previously irradiated, and both patients 
were irradiated before abdominal sacral resection. Thus, 
nothing zould be said about the true benefit of preoper- 
ative irradiation with these tumors. The long-term tumor 
control in patients with advanced cancers of the rectum 
is a major problem. In this series, there is a high failure 
rate, with 76% of the patients recurring locally, regionally, 
or at distant sites. Although there are promising adjuvant 
therapy data for patients after resection of primary rectal 
cancer, or colon cancer,”>”° there are no applicable 
data in patients resected for recurrent colorectal cancer. 
Continu2d consultation with oncologists knowledgeable 
in this area is recommended. 
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DISCUSSION 


Dr. KIRBY I. BLAND (Gainesville, Florida): President Ochsner, Sec- 
retary Jones, Feliows and Guests, I rise to congratulate Dr. Wanebo and 
his colleagues on this presentation, which | think would be appropriately 
termed a formidable challenge with an aggressive, radical approach to 
an advanced posterior pelvic malignancy. I thank the authors for the 
opportunity to review their manuscript in advance, and I recommend 
to the membership that you review this because it contains a wealth of 
material that Harry has not had time to present to you. My experience, 
however, is considerably different in terms of the types of tumors we 
have approached. The challenge of this operative resection to me is not 
in the volume of the tumor that presents for resection, but in the anatomic 
location of the primary or the metastatic lesion. And | think that the 
overwhelming majority of surgeons nationally, and internationally, for 
that matter, would consider that adequate resection can be accomplished 
if three tenets are preserved. And that is, the lesion is midline in the 
distal or midpelvis; and, secondly, the lesion has a minimal volume, and 
you can encompass it; and, thirdly, that the lesion does not have a volume 
that extends significantly to the pelvic sidewalls. Ifany of these anatomic 
tenets are breached, I believe that most would deny resection in those 
patients. Further, I believe that composite resection should net be at- 
tempted for patients in whom distant or regional metastases have been 
documented. And I think, Harry, you have well documented tkat. 

We go through enormous effort to do gastrointestinal series, computed 
tomography scans of the abdomen and pelvis, magnetic resonance im- 
aging or whatever, to make certain these persons do not have regional 
or systemic disease, metastatic disease. In fact, we will do computed 
tomography scans of the chest as well to make certain these patients do 
not have pulmonary metastases, which as you know are established in 
about 30% of patients with colorectal primaries. But I now believe that 
jt is inappropriate to embark on a major composite resection for palliative 
purposes in individuals in whom you cannot expect cure. In my own 
personal experience of 18 composite resections for posterior midline 
lesions, 16 of these were adenocarcinomas, advanced adenocarcinoma 
with primaries or recurrent adenocarcinoma of the rectum, and two 
leiomyosarcomas, many of whom I have not followed beyond 3 years. 
We have performed composite resections with curative intent in 14 of 
these patients and two with palliative intent. Although there were no 
operative deaths in our series, I must tell you my operative merbidity 
rate was 100%. In these 16 patients with midline fixed lesions, I was able 
to perform en bloc resections of $2, 3, 4, and 5 coccyx, en block with an 
anterior and a posterior pelvic approach. And as a consequence of sacrifice 
of S2, 3, and 4, which is the nerve erigentives, and as you know supplies 
the bladder and prostate, you would expect essentially 100% of men to 
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have major urogenital problems; therefore, these individuals are going 
to require prolonged catheter intubation, daily intubations, or multiple 
times or permanent diversions, particularly when the bladder or the 
pros:ate are invaded. And I think this is a major consideration in men 
where they have either recurrent disease or perhaps a T3 or a T4 primary. 
Still some patients desire the palliative benefit of the procedure because 
of persistent pain, drainage, or these genitourinary dysfunction symptoms. 

Well, I commend you, Harry, on your mortality rate of 8% in these 
patients with extended resections, in which as we saw in your slides you 
had a prolonged operative time, over 18 hours. I presume you did this 
in | day, or was that a 2-day operation? How do you do this? You had 
an emormous blood loss in these cases, and I presume you use cell saver 
in tkese individuals. My operative time is much less — again it is a 
different approach — and I am very conservative about these being mid- 
line posterior lesions. I have a couple of questions for you. 

I could not determine from your abstract or the paper if there is a 
difference in resectability as a curative procedure with regard tc tumor 
locat.on. So for similar histologic tumor types, did patients with pelvic 
sidewall lesions fair worse than individuals who had purely posterior or 
antenor lesions? Our experience suggests that these are very different 
operztions, and the morbidity and mortality rates are also very different 
in these patients. And I think you have mentioned to us that in a great 
percentage of the patients you had given preoperative irradiation. Some 
of these were failed chemotherapeutic patients. What do you do with a 
posit-ve surgical margin when you find yourself operating, or do you 
even attempt to extend those margins with pelvic resection? 

The other issue I was very interested in and impressed with was the 
figures in your manuscript ahd the slides you have shown us with re- 
constcuctions. You have used primarily gluteus medialis cutaneous flaps. 
I have had a fairly sizable experience with bilateral and single gracilis 
musce myocutaneous flaps, which was pointed out to me long ago by 
Dr. John McCraw of Norfolk. And I have found that this has been very 
advantageous to fill massive pelvic defects. 

Amd, finally, Harry, I commend you on what I do not believe has 
previously been achieved or reported. You have reported a 24% long- 
term survival rate in advanced rectal cancer. That has not previously 
been ~eported in my readings. In fact, this exceeds the survival rates for 
solita-y lung and liver metastases from colorectal primaries. So I guess 
the question I would have is, what is the denominator of your patients 
in the population in which you have chosen this? 1 enjoyed the paper, 
and I thank you for the opportunity to discuss this. 


Dr. WILLIAM C. Woop (Atlanta, Georgia): President Ochsner, Dr. 
Jones Members and Guests, I appreciate the opportunity to have seen 
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this manuscript at the meeting and the privilege of discussing it. I would 
like to begin by complimenting Dr. Wanebo for assembling this very 
large series of composite sacral resections so carefully reviewed and re- 
ported. I also would compliment him for the points of operative technique 
that he illustrated so clearly in this manuscript, as he has in his previous 
manuscripts, which have been helpful to all of us who do these posterior 
resections. I would say that for me it is easier to do this procedure in an 
exaggerated lateral position where the patient can be manipulated forward 
and backward and where I can be in the abdominal cavity and carrying 
on the posterior resection simultaneously to catch an occasional blood 
vessel that I might otherwise have difficulty with, which you perhaps 
do not. 

Conceptually and biologically, this report subsumes four different 
populations. I would like not to comment on the group with epidermoid 
carcinoma, but on the first group, the patients who have sarcoma. You 
present 19 sarcomas of the posterior pelvis, given chemoradiation and 
resection. And the life table survival curve of 18 of those patients is 50% ~ 
at 5 years and 10 years, which is very commendable. 

My first question is that at least two series, from M. D. Anderson and 
from Massachusetts General, have shown that improved local control 
has only been associated with radiation levels of 60 to 65 Gy or more. 
You used half that dose with doxorubicin, and I wonder if you would 
tell us how that dose was chosen. 

Secondly, what was the local control in the patients with sarcomas? 

We know the survival, but we are not told what the local control rate 
was. The second population that you describe are these 41 patients with 
recurrent rectal carcinoma, all but two of whom had had prior radiation. 
Remarkably, 43% of these patients were able to return to work, and 25% 
survived 5 years. Now this has already been commented on very capably 
by Dr. Bland as a superb achievement. It was achieved at no small cost, 
both of your effort, 18 hours on the average in the operating room, and 
20 units of blood. And for that group who benefited, it was most re- 
.markable. Can you from this analysis better help us to identify those 
patients who will benefit? Or, conversely, from this analysis, can you 
help us better choose those patients who are not likely to benefit from 
this very extensive procedure? 

Finally, the third group of patients that you describe — or three of 
the third or the fourth groups — were six patients who had large bulky 
tumors; infected fistulas; ulcerated, painful, malodorous lesions; you state 
disease that was present outside the pelvis, and you did this for palliation 
in these patients. Now those of us who do these procedures know that 
the patients have several months of recovery and rehabilitation before 
they are able to be very active at all. These palliated patients survived 
only 2 to 12 months. Were the symptoms relieved without new symptoms 
being introduced? And would you still recommend this procedure as a 
palliative procedure for any group of patients with disease outside the 
pelvis? Thank you for the privilege of reviewing the manuscript and for 
the privilege of the floor. 


Dr. J. BRADLEY AUST (San Antonio, Texas): Dr. Ochsner, Dr. Jones, 
Members and Guests, I am pleased to have had an opportunity to read 
Dr. Wanebo’s paper before this meeting. Dr. Wanebo has been toiling 
in these vineyards for a number of years and reported his results as time 
passed. This paper is in essence a progress report. 1 concur with what 
Dr. Bland said and only amplify some of his comments. The radical 
resectional procedures he is reporting are divided into primarily two 
groups: primary operations for sarcoma or other locally invasive tumors 
such as chordomas, 14 in number; recurrent rectal carcinomas, 47 in 
number; and epidermoid carcinomas, 10 in number. Overall operative 
morbidity and mortality rates were less than 10%, which is a very fine 
accomplishment. The current survivors amount to 24%. The 24% that 
he said were 5-year survivors do not exist; that is a projected figure. But 
there are 24% of the patients currently alive. This passes the rule of 
thumb test that the percentage survivors should exceed the in-hospital 
mortality rate. 

Regarding the 14 patients in the sarcoma group, I note three chor- 
domas. I have had an interest in chordomas, which are locally recurring 
tumors that rarely ever metastasize, and yet there were no survivors in 
this group. Perhaps, hemicorporectomy should be considered in those 
tumors with a high potential for local recurrence and low potential for 
distant spread, particularly if they don’t involve S2 or higher, because 
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in my experience, and confirmed by your sacral resections, higher re- 
section leads to loss of bowel and bladder function and disabling diffi- 
culties with locomotion. The prolonged rehabilitation required prompts 
me to advise against hemicorporectomy with tumors with high potential 
for distant spread. The adjuvant use of radiation therapy or chemotherapy 
is logical in these patients, but is yet unproven and totally experimental. 

Philoscphically, the decision to carry out these procedures involves 
for me three factors. One is the judgment that the proposed procedure 
is feasible and can encompass the tumor. As far as the recurrent rectal 
carcinomas were concerned, 41 of 47, this proved true. The second is 
the technical skill to do the procedure with acceptable mortality and 
morbidity rates. I suspect that the morbidity rate is the real problem in 
these patients. Since the operative morbidity rate was significant, with 
prolonged hospitalization and very prolonged rehabilitation. And the 
third and probably most important factor is the informed consent of the 
patient, which details the total picture in an honest, realistic, and com- 
passionate way. 

I have a few questions, One, have you considered hemicorporectomy 
for lesior.s above S2? Second, were there patients who regretted having 
these operations? We always talk about the success of our cases and haw 
the patients went back to work, but were there any patients who regretted 
having the operation? And, finally, I chide you a little bit. You state in 
your abstract that 25% of 10 patients with recurrent epidermoid cancer 
had long-term results. Where did you find the half a patient? There were 
other mathematical glitches, but they do not really detract from the 
message you have in your paper, Harry. I want to thank the Association 
for the opportunity to discuss this paper and Dr. Wanebo for presenting 
the material to us. Thank you very much. 


Dr. LOREN J. HUMPHREY (Columbia, Missouri): Thank you. I will 
keep this short because the morning is getting on. 

Harry, we have discussed this, and I think what you are doing is pushing 
the envelope a little further, and over the next decade, we will find out 
which of those we should not create as another subpopulation. 

Do ycu use mesh in those—not the mesh you use to close posteri- 
orly-—-but to prevent the bowel from prolapsing down in those that are 
going to receive radiation after operation? We use a Dexon mesh, and 
as you know, that will keep the small bowel out for a month. Most of 
the time we prefer, if it is there, to put the omentum down, and this 
frequently will effect the same result. My question is really one about 
lifestyle, and Brad has asked that somewhat. So let me focus on this 
standpoint. I think the key thing in this more than survival are those 
96% that have relief of what I think is the worst pain a cancer patient 
gets, that pressure posterior on the sacral that they have. You have relieved 
it 96%. But when it comes back, are they going to go through the same 
experience as those who were not resected? Thank you. 


PRESIDENT OCHSNER: I am really impressed by the number of cases, 
and it does not take a mathematical genius to realize the amount of time 
that Harry spends in operating on this large number that it consumed a 
lot of his young life. 


Dr. HAROLD J. WANEBO (Closing discussion): I want to thank the 
discussants for their comments. J will try to be as brief as possible. First 
of all, Loren, I think you raise a good point. We do use the omentum 
where possible if it has been preserved. We do use mesh if we cannot 
use some autologous tissue to cover the pelvic floor, because otherwise 
there is a potential for herniation. I will include your comment akout 
lifestyle with Brad Aust. That is a very poignant question. The real ques- 
tion is about the informed consent, and I must say that that is very 
difficult. I have found out that it is not enough for the surgeon to speak 
to the patient, and so I ask the nurse and our physician assistant to go 
through the procedure. And this includes — they have both the pictures, 
which the nurses have put together from previous publications about 
what the procedure really entails —- the patients are taken up to an 
intensive care unit to see what it is really like to be in an intensive care 
unit, what it is like to have tubes and things coming out. And even with 
that though, it is still not enough. I do not think you can adequately 
explain this to them. I have given the publications to a patient who was 
a lawyer, and he did read it carefully and did accept the procedure. 
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You asked whether there are patients that regret having the operation. 
Yes, we have had some that regretted it. I think the two that come to 
mind really did badly in spite of everything, and we never really helped 
them. Even though the initial pain was taken away, we had given them 
so much misery I do not think we helped them a bit. The point is, 
however, that almost all of the patients do get relief of that bcring pain 
that is so typical of recurrent rectal cancer. Although you replace some 
of this with operative pain, it is quite different and can be relieved by 
nonnarcotics such as Tegretol (Geigy Pharmaceuticals, Ardsley, NY). 

Dr. Aust, we have not considered hemicorporectomy, although that 
may be a necessary procedure in some patients. I think with some new 
reconstructive techniques you can resect the L4, L5. We have recently 
done an L3, L4 resection with fibular replacement for the vertebrae. But 
obviously there are patients in whom maybe this might not be adequate. 

Regarding Dr. Bland’s comment, I think, Kirby, you point cut a very 
important fact, that the low midline tumors, which are free of the pelvic 
sidewall, are probably the best to resect. Unfortunately, we do have a 
fair number of patients with sidewall involvement. There is a way of 
getting around this, and some of these patients had extended resections, 
that is, where the endopelvic fascia is included. It is like doing an extended 
extrapleural pneumonectomy, where you are just within the bony 
framework, truly outside of all of the basic pelvic fascia. And some of 
these are survivors, but | think it is a very good question. 

Regarding the question about the margins: even when we obtain frozen 
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section of the margins, that is no guarantee, but we do bend over back- 
wards to ensure that we will get complete resection. 

Regarding those palliative resections, we have only done one palliative 
resection in the last 4 or 5 years. We don’t think that this procedure is 
indicated for palliation. I think that about 70 patients with recurrent 
rectal cancer were considered for surgery. Most of these patients are 
really highly selected before being explored, but even with that, there 
are patients who will have disease, etc., found at the time of exploration. 
I think I did not mention regarding our operative time, which is 18 
hours, that we usually stage this. We do the first stage, the abdominal 
approach for the rectal cancer, on day 1, and then on day 3 we will take 
the patient back and do the sacral resection part. This is for patients who 
require an ileal conduit and more extended resection. For the sarcomas, 
we usually do the entire operation on the same day, and we often use 
the approach that Bill Wood described, that is, the lateral approach, For 
these extended procedures involving recurrent rectal cancer, we do not 
believe there is adequate exposure for the wide field resection with the 
lateral approach and prefer the prone position. 

As for that dosage, 3000 rads with Adriamycin infusion, I think is 
biologically equivalent to about 5000 rads, And whether higher dosage 
would be beneficial, I think is a question that would need a trial. I think 
I have answered most of the questions. Again, I want to thank the mem- 
bership for first listening and staying late for the papers and also for 
allowing me to present these data to you. Thank you. 
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One hundred forty-eight patients were treated with preoperative 
radiation therapy and surgery for resectable rectal adenocarci- 
noma at the University of Florida between 1975 and 1986. All 
patients had at least 5 years’ follow-up; no patient was Iost to 
follow-up. Three treatment protocols were used over the study 
period: 1975 to 1978, 3500 cGy in 20 fractions; 1979 to 1983, 
4000 to 5000 cGy at 180 cGy per fraction; and 1984 to 1986, 
3000 cGy in 10 fractions. The change was made to 3000 cGy in 
10 fractions to reduce the inconvenience and expense associated 
with preoperative radiation therapy without sacrificing any im- 
provement in local control or complication rates. There were no 
significant differences in the rates of local control, absolute sur- 
vival, cause-specific survival, or complications between the three 
preoperative radiation therapy protocols. The results were com- 
pared for the 132 patients who underwent complete resection 
after preoperative radiation therapy and a series of 135 patients 
who underwent a complete resection alone for adenocarcinoma 
of the rectum at the University of Florida between 1959 and 
1976. The results at 5 years, calculated by the product-limit 
method, for preoperative radiation therapy and surgery compared 
with surgery alone, respectively, were as follows: for local re- 
currence-free survival, 96% and 67%; for absolute survival, 66% 
and 40%; and for cause-specific survival, 77% and 50%. All of 
these differences are significant (p = 0.0001 or less). A subset 
of 56 patients with locally advanced lesions, based on tethering 
or circumferential involvement of the rectal lumen, treated with 
preoperative radiation therapy and surgery were compared with 
patients treated with surgery alone for stage B2 and C cancers. 
There was a significant improvement in local control and survival 
rates in the group irradiated before operation. There was no 
apparent increase in the incidence of postoperative complications 
in the patients irradiated before operation. 


after surgery alone for adenocarcinoma of the 
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1).!-© Local recurrence-free survival, calculated by the 
product-limit method,’* for a series of 135 patients treated 
with surgery alone at the University of Florida for ade- 
nocarcinoma of the rectum and rectosigmoid is depicted 
in Figure 1. Thirty-five patients (26%) developed recurrent 
disease in the pelvis or perineum; 19 (54%) of 35 either 
died of disease or were alive with disease at last follow- 
up without evidence of distant metastasis.'! Preoperative 
radiation therapy has been used since 1975 at the Uni- 
versity of Florida for patients with clinically resectable 
rectal cancer to decrease the risk of local recurrence and 
to enhance the probability of cure.”:!° The investigators 
began the use of a short course of moderate-dose radiation 
therapy, 3000 cGy in 10 fractions over 2 weeks, substituted 
for 4500 cGy in 25 fractions over 5 weeks, in an effort to 
reduce the overall treatment time and expense associated 
with preoperative radiation therapy. The new treatment 
protocol was based on the experience of Professor Jean 
Papillon and the use of 3000 cGy in 10 fractions before 
interstitial implantation for T1 and T2 squamous cell 
carcinoma of the oral tongue.!!!* Radiobiologically, 3000 
cGy in 10 fractions is probably equivalent to 4500 cGy 
in 25 fractions. The first patient was treated with this new 
protocol in November 1983. Because of concern about 
the effect of the intense, short-course radiation therapy 
on the integrity of a subsequent anastomosis after anterior 
resection, patients treated with this protocol were those 
in whom the anticipated surgical procedure was abdom- 
inoperineal resection. 

The purpose of this report is twofold: to report the re- 
sults in patients treated with the moderate-dose, short 
course of preoperative radiation therapy and to compare 
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Author and Institution Site A A/B1 

Mendenhall et al.' R, RS 0/14 am 
University of Florida 

Malcolm et al.” R, RS, S 1/16 "e 
Peter Bent Brigham Hospital (6%) 

Walz et al.? R, RS 2/15 — 
Washington University (13%) 

Pilipshen et al.* R 0/5 mm- 
Memorial Sloan Kettering (0%) 

Rich et al.° R, RS zŠ 3/39 
Massachusetts General Hospital (8%) 

Veazey and McBride® R — 3/37 
M.D. Anderson Hospital (8%) 
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TABLE |. Incidence of Local Recurrence With Surgery Alone (5-year Minimum Follow-up) 


697 
BI B2 C] C2 Total 
5/23 10/45 9/24 11/29 35/135 
(22%) (22%) (38%) (38%) (26%) 
6/62 12/36 5/20 9/22 33/156 
(10%) (33%) (25%) (41%) (21%) 
0/22 7/50 2/8 15/48 26/143 
(0%) (14%) (25%) (31%) (18%) 
18/128 32/111 11/49 44/89 105/382 
(14%) (29%) (22%) (49%) (27%) 
= 18/59 2/4 20/40 43/142 
(31%) (50%) (50%) (30%) 
= 6/27 17/58 26/122 
(22%) (29%) (21%) 


Modified from Mendenhall WM, Million RR, Pfaff WW. Petterns of 
recurrence in adenocarcinoma of the rectum and rectosigmoid treated 
with surgery: implications in treatment planning with adjuvant zadiation 


the results in patients irradiated before operation with- 


those of patients treated with surgery alone at the Uni- 
versity of Florida before the routine use of preoperative 
radiation therapy. A subset of patients with locally ad- 
vanced lesions, based on tethering or complete circum- 
ferential involvement of the rectum, treated with preop- 
erative radiation therapy is compared with patients with 
B2 and C lesions treated with surgery alone. 


Materials and Methods 


One hundred eighty-nine patients were treated with 
preoperative radiation therapy for adenocarcinoma of the 
rectum and rectosigmoid at the University of Florida be- 
tween August 1975 and April 1986; 148 patients (78%) 
had lesions that were thought to be clinically resectable 
and form the basis of this report. A lesion was defined as 
clinically resectable if it was mobile, tethered (i.e., exhib- 
iting reduced mobility), or not palpable on rectal exam- 
ination. Lesions that were definitely fixed to structures 
such as the sacrum, pelvic sidewall, prostate, or bladder 


100% rT 


AL Stage A 
80% oo Stage Bi 
© Stage B2 
t 60% 
O « 
G Stage C1 
8 na% Stage C2 
e 
20% 
p = .02 
0% 
0 2 8 10 


4 6 
Time (Years) 
Fic. 1. Local control after surgery alone (135 patients). 


therapy. Int J Radiat Oncol Biol Phys 1983; 9:977-985. 
R, rectum; RS, rectosigmoid; S, sigmoid. 


were defined as clinically unresectable and were not in- 
cluded in this analysis.'> Direct extension to the uterus 
or vagina did not denote clinical unresectability. All pa- 
tients were observed for 5 or more years after treatment; 
no patient was lost to follow-up. Patients were staged ac- 
cording to the Astler-Coller modification of the Dukes 
staging system.'*!> 

All patients underwent a chest roentgenogram, he- 
mogram, and liver function tests before treatment. In ad- 
dition, the following studies were obtained: barium enema, 
85%; intravenous pyelogram, 56%; computed tomography 
of the abdomen and pelvis, 37%; liver-spleen scan, 35%; 
colonoscopy, 21%; bone scan, 8%; and cystoscopy, 3%. 
The pretreatment characteristics of the primary tumor 
are listed in Table 2. 

Between approximately 1975 and 1978, 28 patients 
were treated with 3500 cGy in 20 fractions, five fractions 
per week, and one patient received 3100 cGy in 12 frac- 
tions, three fractions per week, over 4 weeks. In 17 (59%) 
of 29 patients, the perineum was treated with an additional 
“boost” dose of 500 cGy to 600 cGy in two to three frac- 
tions. After it became apparent that this regimen was well 
tolerated, the dose was increased to 4000 cGy to 5000 
cGy at 180 cGy per fraction, five fractions per week. This 
treatment schedule was used for 78 patients treated be- 
tween approximately 1979 and 1983 (of whom 69 patients 
received 4500 cGy in 25 to 26 fractions). Eleven (14%) 
of 78 patients received a perineal boost in addition to the 
above treatment. In November 1983, the first patient was 
treated with the new treatment protocol of 3000 cGy in 
10 fractions, one fraction per day, over 2 weeks. This 
treatment schedule was used to treat 41 patients and was 
restricted, with one exception, to those patients in whom 
the anticipated surgical procedure was an abdominoperi- 
neal resection. Patients treated after 1983 in whom the 
planned procedure was an anterior resection received 4500 
cGy in 25 fractions. 
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TABLE 2. Prognostic Factors for 148 Patients 


Treatment Group 


3000 cGy/10 
3100-3500 cGy 4000-5000 cGy Fractions Total 
Parameter (29 patients) (78 patients) (41 patients) (148 patients) 

Distance from anal verge (cm) 

0-6 14 (48%) 45 (58%) 25 (61%) 84 (57%) 

7-12 13 (45%) 29 (37%) 16 (39%) 58 (39%) 

13-18 2 (7%) 3 (4%) 0 5 (3%) 

No data 0 1 (1%) 0 1 (1%) 
Length of lesion (cm) 

0-4 16 (55%) 31 (40%) 27 (66%) 74 (50%) 

5-8 13 (45%) 37 (47%) 11 (27%) 61 (41%) 

=9 0 2 (3%) 0 2 (1%) 

No data 0 8 (10%) 3 (7%) 11 (8%) 
Histologic differentiation 

Well 3 (10%) 12 (15%) 3 (7%) 18 (12%) 

Moderate 20 (69%) 51 (65%) 30 (73%) 101 (68%) 

Poor 6 (21%) 11 (14%) 3 (7%) 20 (14%) 

No grade 0 4 (6%) 5 (13%) 9 (6%) 
Mobility 

Mobile 25 (86%) 43 (55%) 24 (59%) 92 (62%) 

Tethered 4 (14%) 31 (40%) 14 (34%) 49 (33%) 

No data 0 4 (5%) 3 (7%) 7 (5%) 
Annular 

No 16 (55%) 58 (74%) 35 (85%) 109 (74%) 

Yes 8 (28%) 16 (21%) 5 (13%) 29 (20%) 

No data 5 (17%) 4 (5%) 1 (2%) 10 (6%) 


Radiation therapy was administered with a four-field 
box technique in 147 patients (99%); the remaining patient 
was treated with a sacral-perineal wedge technique. The 
field sizes were approximately 10 to 12 cm high and 12 
to 14 cm wide for the anterior and posterior fields and 
approximately 10 to 12 cm in the anteroposterior dimen- 
sion for the lateral fields.’ All patients were treated with 
megavoltage equipment using the following: Co, 130 
(88%); 17 MV x-ray, 14 (9%); combination of megavoltage 
beams, three (2%); and 6 MV x-ray, one (1%). In 26 pa- 
tients (18%) with lesions within 4 cm of the anal verge, 
the dose to the inguinal lymph nodes was electively 
boosted, using 10- to 12-MeV electrons, to the same dose 
level planned for the primary lesion.! All patients were 
treated with planned continuous-course radiation therapy. 

The operative procedures were performed an average 
of 444 weeks from the completion of radiation therapy 


(range, 2 to 10 weeks). In 115 patients (78%), the surgery 
was periormed between 3 and 6 weeks after radiation 
therapy. The procedures that were performed are listed 
in Table 3. Four patients were not operated on for the 
following reasons: refused surgery, two patients; distant 
metastases discovered before the planned operation, one 
patient: and fatal myocardial infarction before the planned 
operaticn, one patient. One of the two patients who re- 
fused surgery was 82 years of age and had metastatic pros- 
tate cancer at the time that the rectal cancer was diagnosed. 
No pati2nt received adjuvant chemotherapy. 

Acute complications secondary to radiation therapy 
were scored as follows: minimal, transient, and easily 
controlled with medications; moderate, persistent but 
controlled with medications; and severe, requiring an un- 
plannec. split in the course of the radiation therapy.'° 
Postoperative complications were scored as follows: re- 


TABLE 3. Operative Procedures for -48 Patients 


3100-3500 cGy 
Operation (29 patients) 

Abdominoperineal resection 21 (73%) 
Low anterior resection 4 (14%) 
Abdominal transsacral resection 2 (7%) 
Hartmann procedure 1 (3%) 
Total colectomy and proctectomy 1 (3%) 
None 0 


Treatment Group 
4000-5000 ctsy 3000 cGy/10 Fractions Total 
(78 patients) (41 patients) (148 patients) 
63 (80%) 39 (96%) 123 (83%) 

9 (12%) 1 (2%) 14 (9%) 
1 (1%) 0 ` 3 (2%) 
0 0 1 (1%) 
2 (3%) 0 3 (2%) 
3 (4%) 1 (2%) 4 (3%) 
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quiring a second extra-abdominal operation, requiring a 
second intra-abdominal operation, and fatal. 

Local recurrence was defined as recurrence within the 
true pelvis or perineum. We previously coded peritoneal 
seeding and recurrence in the inguinal lymph nodes as 
local recurrence.'?!° Because most authors restrict the 
definition of local recurrence to include only disease re- 
currence in the true pelvis and perineum, however, we 
have analyzed our data accordingly so that it may be 
compared with other data in the literature. Sites of disease 
recurrence reflect the total number of recurrences regard- 
less of when the recurrences were noted, rather than just 
the first sites of recurrent disease. 

Local recurrence-free survival, absolute survival, and 
cause-specific survival rates were calculated by the prod- 
uct-limit method.’® The significance levels between curves 
were determined using the log-rank test.®!’ Patients who 
underwent an incomplete resection were included in the 
analysis of complications, but were excluded from analysis 
of local recurrence and survival so that our series would 
be comparable to those in which patients were treated 
with surgery alone or followed by adjuvant radiation ther- 
apy or chemotherapy. Even for patients having complete 
resections, a comparison of those treated with preoperative 
radiation therapy and surgery and those treated with sur- 
gery alone or followed by postoperative adjuvant therapy 
would potentially still be biased against the patients ir- 
radiated before operation. The radiation therapy could 
conceivably cause a subset of patients originally having 
incompletely resectable local disease to have completely 
resectable disease at the time of surgery (i.e., downstaging). 

A subset of patients treated with preoperative radiation 
therapy and surgery were defined as having locally ad- 
vanced lesions based on tethering (i.e., reduced mobility) 
or complete involvement of the circumference of the rec- 
tum before radiation therapy. The results of treatment of 
this subset of patients were compared with the results of 
surgery alone in patients with stage B2 and C cancers. 


Results 


All patients treated to 3500 cGy in 20 fractions, 3100 
cGy in 12 fractions, and 3000 cGy in 10 fractions expe- 
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rienced either no or minimal acute side effects secondar 
to radiation therapy. Of the 78 patients treated to 400( 
to 5000 cGy at 180 cGy per fraction, 75 patients experi 
enced no or minimal acute side effects, two suffered mod 
erate side effects, and one experienced severe moist des 
quamation of the perineum that necessitated an un 
planned treatment split. This latter patient was the onl: 
one treated with the sacral-perineal wedge technique. Ni 
patient required a diverting colostomy for obstructio: 
during radiation therapy or before the planned operatio 
after preoperative radiation therapy. 

Regression of the tumor, as assessed at the completio1 
of radiation therapy by digital rectal examination, was a 
follows: none, 6%; 10% to 30%, 33%; 35% to 60%, 23% 
65% to 90%, 8%; 100%, < 1%; regressed, percentage un 
known, 8%; and no data, 22%. 

One hundred thirty-two patients (89%) underwent al 
apparent complete resection of disease after preoperativi 
radiation therapy. Incomplete resection was noted in si: 
(21%) of 29 patients treated to 3500 cGy in 20 fraction 
or 3100 cGy in 12 fractions, seven (9%) of 78 patient 
treated to 4000 cGy to 5000 cGy, and in three (7%) of 4 
patients irradiated to 3000 cGy in 10 fractions. The rea 
sons for unresectability were distant metastases noted a 
surgery, 10 patients; positive margins, two patients; an 
no operation, four patients. 

The incidence of postoperative complications is show! 
in Table 4 for the patients in this series treated with pre 
operative radiation therapy in comparison with a serie 
of patients treated with surgery alone at the University o 
Florida between 1959 and 1976.' There is no obviou 
difference in the rates of postoperative complications fo 
the three preoperative radiation therapy regimens. Al 
though the groups of patients are not strictly comparabl: 
because of the different time periods in which they wer 
treated, there is no apparent difference in the incidence 
of postoperative complications for patients treated witl 
preoperative radiation therapy and surgery compared wit! 
surgery alone. 

Five patients (4%) treated with preoperative radiation 
therapy and surgery suffered late complications that oc 
curred after the immediate postoperative period. Fou 
patients experienced small-bowel obstruction necessitatin, 


TABLE 4. Postoperative Complications 


Treatment Group 


3100-3500 cGy 


Operation (29 patients) 


Second extra-abdominal operation 


required 1 (3%) 4 (5%) 
Second intra-abdominal operation 

required I (3%) 5 (6%) 
Fatal 0 0 


4090-5000 cGy 
(78 patients) 


Preoperative Radiation 
Therapy Total 
(148 patients) 


3000 cGy/10 Fractions 
(41 patients) 


Surgery Alon 
(135 patients 


2 (5%) 7 (5%) 8 (6%) 
4 (10%) 10 (7%) 9 (7%) 
0 0 8 (6%) 
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operative intervention at 2 months, 6 months, 11 months, 
and 50 months after treatment. The patient who had 
bowel resection at 50 months suffered an anastomotic 
breakdown resulting in fatal peritonitis; this patient rep- 
resents the only treatment-related fatality in the series. 
An additional patient had an operation at 1⁄2 years for 
an enterocutaneous fistula. The radiation therapy sched- 
ules used in these five patients were as follows: 3500 cGy 
in 20 fractions, one patient; 4500 cGy in 25 fractions, 
three patients; and 4500 cGy in 28 fractions, one patient. 
In comparing the incidence of late complications of this 
series with other published data, one must recall that most 
authors do not report complications that occur after the 
patient has been discharged from the hospital or that are 
` noted more than 30 days after operation. 

Local recurrence was noted in 10 (8%) of 132 patients 
who underwent an apparent complete resection: three 
(13%) of 23 patients treated with 3500 cGy in 20 fractions 
or 3100 cGy in 12 fractions; five (7%) of 71 patients treated 
with 4000 cGy to 5000 cGy; and two (5%) of 38 patients 
treated with 3000 cGy in 10 fractions. The local control 
rates, calculated by the product-limit method,”*® for pa- 
tients treated with the various preoperative radiation 
therapy schedules, are compared in Figure 2A. There is 
no apparent difference in the incidence of local control 
for the three radiation therapy dose-fractionation proto- 
cols. The incidence of local control for patients irradiated 
before operation is compared with that observed after 
surgery alone in Figure 2B. There is a significant im- 
provement in the probability of local control in the pa- 
tients irradiated before operation. The 5-year local con- 
trol rates, calculated by the product-limit method,’ were 
97% for preoperative radiation therapy and surgery and 
67% for surgery alone (p = 0.0001). The local control rate 
at 5 years for patients with tethered or annular lesions 
treated with preoperative radiation therapy and surgery 
was 93%, compared with 61% after surgery alone for stage 
B2 and C cancers (p = 0.0001) (Fig. 2C). 

The patterns of disease recurrence are listed in Table 
5. One patient developed peritoneal seeding in the upper 
abdomen without evidence of recurrent disease in the 
pelvis and was coded as having distant metastases. No 
patient developed recurrent disease in the inguinal lymph 
nodes. Ten patients developed local recurrence; four of 
10 had no evidence of distant metastases at the last follow- 
up or death. Two patients who developed local recurrence 
alone underwent salvage surgery, which included a partial 
sacrectomy in both. One patient is alive and disease free 
3 years after salvage surgery, and the other patient is ap- 
parently disease free 2 months after the salvage operation. 
Six of 10 patients who developed local recurrence also 
developed distant metastases and either died of disease 
or are currently alive with disease. 
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Fic. 2, Lecal control. (A, top} Preoperative radiation therapy (132 pa- 
tients). The local control rates at 5 years were 3100 to 3500 cGy, 94%; 
4000 to 5000 cGy, 94%; and 3000 cGy in 10 fractions, 100% (p = 0.823). 
(B, center’ Preoperative radiation therapy (132 patients) compared with 
surgery alone (135 patients). Local control at 5 years was 97% after pre- 
operative -adiation therapy and surgery and 67% after surgery alone (p 
= 0.0001) (C, bottom) Preoperative radiation therapy (56 patients with 
tethered cr annular lesions) compared with surgery (98 patients with 
stage B2 and C lesions). Local control at 5 years was 93% after preoperative 
radiation therapy and surgery and 61% after surgery alone (p = 0.0001). 
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TABLE 5. Recurrence Patterns for 132 Patients* 


Stage No.of Patients Local Local Plus Distant Distant 
0 14 0 0 2 (14%) 
A 10 0 0 0 

Bl 44 0 | (2%) 8 (18%) 
B2. 42 3 (7%) 4 (10%) 11 (26%) 
Cl 6 l 0 

C2 16 1 (6%) 0 8 (50%) 
Total 132 4 (3%) 6 (5%) 29 (22%) 


* 132 patients who underwent an apparently complete resection after 
preoperative radiotherapy. 


Four patients underwent attempted surgical salvage of 
an apparently isolated lung (two patients) or liver (two 
patients) metastasis. One patient is alive and diszase free 
3 years after salvage surgery, one patient died disease free 
5 years after salvage surgery, and the remaining patients 
developed a second relapse of disease. 

The absolute and cause-specific survival rates, calcu- 
lated by the product-limit method, are shown in Figures 
3 and 4. There are no apparent differences in survival 
between patients treated with the three preoperative ra- 
diation therapy schedules. There is a significant survival 
benefit for patients irradiated before operation compared 
with those treated with surgery alone. This is also apparent 
for the subset of patients with tethered or annular lesions 
treated with preoperative radiation therapy, compared 
with patients with stage B2 and C lesions treated with 
surgery alone. The 5-year survival rates, calculated by the 
product-limit method, for preoperative radiation therapy 
and surgery compared with surgery alone, were absolute 
survival, 66% and 40% (p = .0001); and cause-specific 
survival, 77% and 50% (p = .0001). 

Of the 16 patients who did not undergo complete re- 
section of disease after preoperative radiation therapy, all 
patients died of disease that was present in the following 
sites: local alone, three patients; local plus distant, three 
patients; and distant alone, 10 patients. All four patients 
who were not operated on after radiation therapy had 
persistent local tumor at death. Two (17%) of the re- 
maining 12 patients had a local component of disease 
recurrence at the time of death. 


Discussion 


Surgery has been the mainstay of treatment for ade- 
nocarcinoma of the rectum and rectosigmoid. The gains 
obtained with adjuvant therapy, although real, are small 
in comparison with the impact of surgery on the disease 
process. The goals of adjuvant therapy include decreasing 
the risk of local recurrence, improving the probability of 
survival, and allowing patients who would have required 
an abdominoperineal resection to have a sphincter-sparing 
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Fic. 3. Absolute survival. (A, top) Preoperative radiation therapy (132 
patients). The absolute survival rates at 5 years were 3100 to 3500 cGy, 
70%; 4000 to 5000 cGy, 67%; and 3000 cGy in 10 fractions, 61% (p 
= 0.798). (B, center) Preoperative radiation therapy and surgery (132 
patients) compared with surgery alone (135 patients). Absolute survival 
at 5 years was 66% after preoperative radiation therapy and surgery and 
40% after surgery alone (p = 0.0001). (C, bottom) Preoperative radiation 
therapy (56 patients with tethered or annular lesions) compared with 
surgery alone (98 patients with stage B2 and C lesions). Absolute survival 
at 5 years was 61% after preoperative radiation therapy and surgery com- 
pared with 36% after surgery alone (p = 0.0054). 
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Fic. 4. Cause-specific survival. (A, top) Preoperative radiation therapy 
(132 patients). The cause-specific survival rates at 5 years were 3100 to 
3500 cGy, 70%; 4000 to 5000 cGy, 81%; and 3000 cGy in 10 fractions, 
74% (p = 0.555). (B, center) Preoperative radiation therapy and surgery 
(132 patients) compared with surgery alone (135 patients). The cause- 
specific survival rates at 5 years were 77% after preoperative radiation 
therapy and surgery compared with 50% after surgery alone (p < 0.0001). 
(C, bottom) Preoperative radiation therapy (56 patients with tethered or 
annular lesions) compared with surgery alone (98 patients with stage B2 
and C lesions). Cause-specific survival at 5 years was 66% after preop- 
erative radiation therapy and surgery and 43% after surgery alone (p 
= 0.0009).. 


MENDENHALL AND OTHERS 


Ann. Surg. «June 1992 


procedure. These goals must be realized with minimal 
complications, inconvenience, and cost. 

Treatment options include surgery alone, preoperative 
radiation therapy and surgery, surgery and postoperative 
radiation therapy, and surgery followed by chemotherapy 
alone or combined with radiation therapy. Each of the 
above goals of adjuvant therapy will be discussed in the 
context cf the available data. Although preoperative ra- 
diation therapy and chemotherapy followed by surgery is 
an alternative, there is little existing information about 
this treatment strategy for resectable rectal cancer. 


Local Recurrence 


There are multiple nonrandomized and randomized 
trials that indicate that both preoperative and postoper- 
ative raciation therapy, either alone or combined with 
chemotherapy, significantly reduce the incidence of local 
recurrence compared with surgery alone.”!°!8-27 Although 
local control rates after preoperative radiation therapy 
tend to be better than after postoperative radiation ther- 
apy, such a comparison is complicated by the exclusion 
of pathologic stage A and B1 cancers from the postop- 
erative radiation therapy series and the tendency of most 
surgeons to select patients with advanced resectable lesions 
for preoperative radiation therapy. Our data showed that 
local control at 5 years after preoperative radiation therapy 
and surgery for the subset of patients with locally advanced 
lesions was better than has usually been observed after 
surgery and postoperative radiation therapy for stage B2 
and C disease. Pahlman and Glimelius”’ recently reported 
a multicenter trial from Uppsala, Sweden, in which 471 
patients with resectable carcinoma of the rectum and rec- 
tosigmo:d were randomly assigned to receive either 
preoperétive radiation therapy (2550 cGy in 5 fractions) 
followed by surgery or an operation followed by postop- - 
erative radiation therapy (6000 cGy in 30 fractions, split 
course) or patients with tumors extending through the 
muscularis or positive nodes. After a minimum follow- 
up of 3 years (mean, 6 years), the local recurrence rate 
was sigmificantly lower in the group irradiated before op- 
eration compared with the group treated initially with an 
operatian, 12% versus 21%, p = 0.02. Our data and the 
preliminary data reported by the Stockholm Rectal Cancer 
Study Group indicate that a moderate-dose, short-course 
preoperative radiation therapy protocol effectively reduces 
the risk of local recurrence compared with surgery alone 
and is probably as effective as a preoperative dose of 4500 
cGy in 25 fractions. Although chemotherapy alone does 
not app2ar to significantly reduce the incidence of local 
recurrerce, the addition of chemotherapy to postoperative 
radiation therapy may reduce the incidence of local re- 
currence compared with that observed after postoperative 
radiation therapy alone.” 
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Survival 


Although the data are conflicting, the preponderance 
of the evidence suggests that low-dose preoperative radia- 
tion therapy (in the range of 2000 cGy to 3000 cGy at 
180 cGy to 200 cGy per fraction) has no impact on sur- 
vival.°°-*4 In contrast, there is some convincing evidence 
that moderate-dose preoperative radiation therapy, with 
a dose of approximately 4500 cGy in 25 fractions or its 
radiobiologic equivalent, may improve survival rates 
compared with surgery alone.!°!®?° Gerard et al.!® re- 
ported the results of the European Organization for Re- 
search and Treatment of Cancer trial in which patients 
were randomly assigned to treatment with preoverative 
radiation therapy, 3450 cGy at 230 cGy per fraction, and 
surgery or surgery alone for resectable rectal cancer. The 
5-year survival rates for the 341 patients undergoing a 
complete resection were 69% for preoperative radiation 
therapy and surgery and 59% for surgery alone (p = 0.08). 
Reis Neto, Quilici, and Reis,” from the Catholic Uni- 
versity of Campinas in Sao Paulo, Brazil, recently reported 
a series of 68 patients randomly assigned to be treated 
with preoperative radiation therapy, 4000 cGy in 20 frac- 
tions, or surgery alone. Patients were treated between 1978 
and 1980, and all were observed for at least 5 years.*° The 
authors noted a significant improvement in absolute and 
cause-specific survival rates at 5 years. 

The addition of postoperative radiation therapy to sur- 
gery for stage B2 and C rectal cancer has no apparent 
impact on survival,?”?? The combination of postoperative 
radiation therapy and chemotherapy, however, has been 
shown to improve survival rates for patients with ad- 
vanced, completely resected rectal adenocarcinoma.”®’ 
The NSABP R-01 study showed improved survival rates 
with postoperative chemotherapy alone but no significant 
improvement in local control.2? The chemotherapy reg- 
imens that appear to have been effective included com- 
bined 5-fluorouracil and semustine, with or without vin- 
cristine.*°?’? Although semustine is not commercially 
available because of its leukemogenic potential, a recent 
clinical announcement from the National Cancer Institute 
stated that “current preliminary information suggests that 
substantial treatment benefits may be achieved using ra- 
diation therapy and standard doses of 5-fluorouracil” 
without semustine. O’Connell et al.” recently reported 
an intergroup study in which 453 patients with stage II 
and III rectal carcinoma were randomly assigned to receive 
postoperative chemotherapy with 5-fluorouracil or 5-flu- 
orouracil and semustine. Patients also received pelvic ra- 
diation therapy and concomitant S-fluorouracil given ei- 


ther by bolus injection or continuous infusion. With a . 


median follow-up of 16 months, the authors noted that 
the interim analysis “strongly suggests that MeCCNU does 
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nct add to the beneficial effects of 5-fluorouracil plus ra- 
diation as surgical adjuvant chemotherapy for stage H and 
II} rectal cancer.’ 


Complications 


For patients treated with preoperative radiation therapy 
in this series, the acute effects secondary to 3000 cGy in 
1C fractions appear to be comparable to those resulting 
from 4500 cGy in 25 fractions. The acute effects of pre- 
orerative radiation therapy are substantially less severe 
than those observed with postoperative radiation therapy 
foz patients undergoing an abdominoperineal resection 
bezause it is not necessary to irradiate the perineum in 
patients treated before operation, thus reducing the vol- 
ume of tissue irradiated and avoiding desquamation of 
the perineal skin. The difference in acute effects in patients 


undergoing anterior resection is not substantially different 


wken comparing preoperative and postoperative radiation 
therapy regimens. 

Our data indicate that the incidence of postoperative 
anid late complications associated with 3000 cGy in 10 
fractions is comparable to that observed after 4500 cGy 
in 25 fractions in patients irradiated before operation, and 
is similar to that observed in patients treated with surgery 
alcne at our institution. This is in contrast to the data 
reported by the Stockholm Rectal Cancer Study Group, 
wich showed a significant increase in postoperative mor- 
bicity and mortality rates after a short course of intensive 
radiation therapy as compared with the results of surgery 
alcne.?! The Stockholm radiation therapy protocol dif- 
fer2d from ours in that they used 2500 cGy in five fractions 
with anterior and posterior fields extending up to the sec- 
oni lumbar vertebra, whereas we used 3000 cGv in 10 
fractions with a four-field box technique with the superior 
fiekd margin located 1 to 2 cm above the bottom of the 
sacroiliac joint. Recalling that the lowest reported local 
recurrence rate after preoperative radiation therapy was 
0% from the University of Oregon, where 10 X 10 cm 
fiekds were used, the unnecessarily large field size and the 
anterior and posterior field arrangement used in the 
Stcckholm study undoubtedly contributed to the high in- 
cidence of complications. 18?! 

The incidence of late complications, particularly small- 
bowel obstruction, initially was thought to be significantly 
higher with postoperative radiation therapy than with 
preoperative radiation therapy.*° If techniques are em- 
ployed to minimize the amount of small bowel included 
in the irradiated volume, however, and the dose is limited 
to 4500 cGy to 5040 cGy at 180 cGy per fraction, the 
inc.dence of late complications after postoperative radia- 
tion therapy is probably similar to that observed after pre- 
operative radiation therapy or minimally higher. The ad- 
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dition of chemotherapy to radiation therapy may increase 
the severity of the acute effects of the radiation therapy if 
the two are administered concomitantly. Adjuvant che- 
motherapy does not appear to significantly increase the 
risk of severe, acute, or late complications.” 


Use of a Sphincter-sparing Procedure in Patients who 
Would Have Required an Abdominoperineal Resection 


There is a substantial amount of nonrandomized data 
to indicate that moderate-dose preoperative radiation 
therapy may be administered safely before anterior resec- 
tion and that some patients are then able to have a 
sphincter-sparing procedure rather than the anticipated 
abdominoperineal resection with an acceptably low risk 
of local recurrence.?*3738 


Cost 


Moderate-dose, short-course preoperative radiation 
therapy, as outlined in this report, 1s substantially less 
time consuming and expensive than a 5-week course of 
radiation therapy combined with chemotherapy. This ad- 
vantage may be offset by the possibility that some patients 
with early-stage lesions who do not need adjuvant therapy 
are included in the group of patients receiving preoperative 
radiation therapy. 


Conclusions 


Despite the recommendations of the National Institutes 
of Health Consensus Conference, two treatment options 
exist (for patients not entered on clinical trails) that reduce 
local recurrence rates and may improve survival rates: 
moderate-dose preoperative radiation therapy and post- 
operative radiation therapy combined with 5-fluorouracil. 
We tend to prefer preoperative radiation therapy in pa- 
tients who clinically appear to have stage B2 or C lesions, 
because the irradiated volume may be smaller, the pos- 
sibility of seeding tumor cells at surgery is reduced, the 
radiation therapy may be more effective because the tumor 
bed has not been rendered hypoxic by surgical manipu- 
lation, and there may be a somewhat lower risk of late 
complications. A major disadvantage of preoperative ra- 
diation therapy is that some lesions are downstaged, thus 
reducing the accuracy of pathologic staging. Our current 
policy is to treat patients with lesions that are apparently 
resectable and locally advanced, based on rectal exami- 
nation alone or combined with transrectal ultrasonogra- 
phy, with preoperative radiation therapy and surgery. 
Findings on rectal examination that are indicative of lo- 
cally advanced disease include tethering and circumfer- 
ential involvement of the lumen. Patients in whom the 
anticipated operation is abdominoperineal resection un- 
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dergo 3000 cGy in 10 fractions; those in whom the 
planned procedure is anterior resection are treated to 4500 
cGy in 25 fractions. We are currently exploring the com- 
bination of preoperative radiation therapy and 5-fluoro- 
uracil in this setting. Patients with less locally advanced 
disease who are borderline candidates for anterior resec- 
tion undergo 4500 cGy in 25 fractions in an attempt to 
permit them to have a sphincter-sparing procedure. Those 
patients with favorable lesions that are mobile, 3 cm or 
less in diameter, and exophytic, who would otherwise un- 
dergo an abdominoperineal resection, are treated conser- 
vatively with endocavitary radiation therapy or transrectal 
excision alone or combined with postoperative radiation 
therapy.*’-*! The remainder have surgery; postoperative 
radiation therapy and chemotherapy are added if disease 
extends through the muscularis or involves regional nodes. 
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DISCUSSION 


Dr. RICHARD G. MARTIN (Houston, Texas): Dr. Ochsner, Dr. Jones, 
and Members, I want to thank the authors for the privilege of reviewing 
this manuscript. It is a very clear and excellent discussion on preoperative 
radiation. We have been doing preoperative radiation for quite some 
time at the M. D. Anderson Hospital. We differ a little from what Kirby 
does, but we come up with the same findings that he and his co-authors 
do. We still use the 4500 rads over a 25-day period. We have not had 
the experience with the lesser amounts over a shorter period. The econ- 
omy of this is certainly understandable from the patient’s point of view. 
And if the results are the same, I think it is advantageous. I did talk to 
Ty Rich, who does our radiation for this group regarding the lesser amount 
over a shorter period with higher fraction dose. He said he saw no reasons 
for increased complications, except that with the higher dose in fewer 
fractions you may get over a longer time more fibrosis. 

The fields that we use are maybe a little larger than yours. We go to 
the promontory of the sacrum and the entire pelvic wall. In giving the 
radiation, they place the patient on a table prone. The table has a hole 
in it so that the abdomen can protrude through, and in this way we try 
to get the intestinal organs out of the pelvis. Our local recurrence rates 
are very similar to yours. As for our survival rates, we have had problems 
in trying to really accurately tell what they are. We know they are better, 
but it is hard to tell because of the downgrading. Now with the more 
advanced lesions, we are going to preoperative radiation plus chemo- 
therapy simultaneously, and we have a group of about 21 cases. And of 
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those 21 cases, we had eight in which there was no residual cancer found 
pathologically. I think that the preoperative radiation and possibly 
chemotherapy is far more advantageous than the postoperative -adiation. 
I think this is an excellent paper, and I congratulate the authors. 
Thank you. 


Dr. COURTNEY M. TOWNSEND, JR. (Galveston, Texas): Dr. Ochsner, 
Dr. Jones, Members and Guests, the importance of this paper is em- 
phasized by the juxtaposition of its presentation after Dr. Wanebo’s paper. 
We all know the most difficult and most miserable cancer patient for 
whom we care is the patient with a pelvis full of recurrent rectal cancer. 
The group at Florida, using a treatment policy, not a randomized trial 
but nonetheless a treatment policy, since 1975, employing three different 
techniques of preoperative radiation, have almost eliminated local re- 
currence in the pelvis in patients with rectal cancer. This is a remarkable 
achievement, and one that is to be saluted as well as studied in the hope 
that it can be replicated. 

A couple of questions arise from the consistent comment cn the in- 
ability to compare either with historical controls or in a prospective trial 
because of downstaging. What were in fact the results of resected spec- 
imens examined pathologically in the patients who received preoperative 
radiation? Do you have any experience with the use of endorectal ultra- 
sound in trying to determine the thickness of the wall involved, partic- 
ularly based on the recommendation that a prospective trial be carried 
out? And, finally, how many of the patients were converted from a prob- 
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able abdominal perineal resection to a sphincter-saving procedure? Would 
you also discuss the complications in those patients who had anastomosis, 
that is, instance of leak and perineal problems, if any, in the patients 
who had abdominal perineal? Thank you very much. 


Dr. J. SHELTON HORSLEY IH (Richmond, Virginia): President Ochs- 
ner, Secretary Jones, 1 have enjoyed this presentation very much and 
appreciate the opportunity to review the manuscript. Certainly, Dr. Bland 
and his group have been in the leadership in this country and throughout 
the world in preoperative radiation for rectal cancer. It presents some 
real problems, as he has pointed out. First of all, we all are familiar with 
the problem of historical controls. There were 135 patients who underwent 
surgery alone between 1959 and 1976. In that control group, there were 
53 Dukes C carcinomas of the rectum compared with the group of 132 
that had preoperative radiation followed by resection, which only had 
22 Dukes C carcinomas of the rectum. This would be fantastic down- 
staging for radiation, and I would like for him to comment on it. 

Staging is the major problem. One hundred eighty-nine patients had 
preoperative irradiation, and only 132 were resected. Thirty per cent of 
the group had unnecessary irradiation. Now if you also add the Dukes 
A and Dukes B1 patients, which are excluded from preoperative radiation 
trials because it does not seem justified from the results we get, this figure 
is doubled to 59%. As Dr. Townsend has said, have you had experience 
with endorectal ultrasound? Certainly, the computed tomography scans 
and magnetic resonance imaging are helpful in staging, but none of these 
can give us the accurate staging that we get with surgical resection. 

The second question I have is, how about the psychological effect on 
the patient who knows he or she has a rectal cancer and has to wait to 
undergo the preoperative procedure? Perhaps I should ask, how about 
the psychological effect on the surgeon? 

Thirdly, this is crying for a clinical trial, no question about it. This is 
a good technique, has a lot of things in favor of it as opposed to post- 
operative irradiation, but we certainly do not know the answer. When 
we come to a clinical trial, because of the results with postoperative 
radiation showing that it will decrease local recurrence but not improve 
5-year survival unless you add chemotherapy, it is going to be difficult 
to keep chemotherapy out of this. I enjoyed the presentation. It is an 
excellent manuscript; it was beautifully delivered. I thank you for the 
privilege of the floor. 


DR. LOREN J. HUMPHREY (Columbia, Missouri): Dr. Ochsner, Dr. 
Jones, I thank you for letting me rise again. I will not retterate some of 
the fine comments. I do think this will prompt a trial. And in a symposium 
Į was on with Dr. Moertel, they had essentially written off preoperative 
radiation, notwithstanding the effects of downstaging. 

My question is appropriate because Dr. Mendenhall is going to close 
this. And that is, one of the problems we have had in the use of surgery 
only or conservative surgery and radiation in our studies in trying to 
pick that subpopulation, at least early in the trials, has been that of delay. 
The delay from radiation therapy as emphasized by Borale was at least 
300 days more in those who received radiation. In reviewing the world 
literature, Dr, Mendenhall, I really could not find anywhere in the pre- 
vious studies, such as the Belgium and so forth, where they described 
delay in recurrence of, say, your surgery-only group versus those in surgery 
plus radiation whether preoperative or postoperative. I wonder, if you 
have that information, if you could share that with us. Thank you very 
much. 


Dr. WILLIAM MENDENHALL (Closing discussion): Dr. Ochsner, Dr. 
Jones, I appreciate the opportunity to close the discussion on this paper. 
I have been scribbling furiously, and I hope I am going to be able to 
recall most of the questions that were asked. 

First of all, in response to Dr. Martin, 3000 rads in 10 treatments over 
2 weeks we think is biologically equivalent to 4500 rads over 5 weeks. 
And the reason that we switched in 1984 to this treatment protocol was 
to decrease the treatment time by 3 weeks, from 5 weeks to 2 weeks, 
which makes it considerably more convenient and less expensive. The 
patients that have been presented and included in this series have been 
followed for a minimum of 5 years, and at least thus far, there is no 
increased incidence of late complications compared with patients in 
whom the radiation was fractionated over a longer period. With regard 
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to field size, our fields are somewhat smaller, I think, than those that are 
used in mary institutions. If you look at the literature, the best local 
control rates with preoperative radiation were obtained at the University 
of Oregon with 10 X 10-cm anterior-posterior fields. And so I do not 
think that small field size seems to be a problem. And I think that by 
using the smaller fields the treatment may be better tolerated and there 
will probably be a lower risk of a late complication. 

In resporse to Dr. Townsend’s question about downstaging, it is dif- 
ficult to compare patients treated before operation with those who initially 
are treated wth an operation and to know exactly how much downstaging 
there is. Eleven per cent of the patients had no residual tumor in the 
specimen, however, and the incidence of nodes has decreased by 50%. 
So | think trat the incidence of downstaging is fairly significant. 

We have only begun using endorectal ultrasound within the last year 
or two. And I really do not think that we have enough experience with 
that at the University of Florida to feel comfortable with exactly how 
useful that will be. From the literature, it appears that it is accurate in 
about 80% -o 90% of cases, but I am sure that this is related to the 
experience cf the ultrasonagrapher. As for the probability of converting 
patients whc would need an abdominoperineal resection to an anterior 
resection, most of the patients in the series that were presented today 
underwent an abdominoperineal resection. And really we have only begun 
within the last 5 or 6 years to use preoperative radiation to try to convert 
patients to a sphincter-sparing operation. Most of those patients are not 
in this series, and so I really cannot comment on the number of patients 
in whom that was accomplished. As best we can tell in our experience 
to date now including patients who have been treated within the last 5 
or 6 years, we have irradiated about 300 patients before operation. There 
is no obvious increased incidence in anastomotic leaks or perineal wound 
dehiscence m the group of patients treated with preoperative radiation 
therapy. 

With regérd to Dr. Horsley’s comments, our definition of locally ad- 
vanced was different for patients irradiated before operation than for 
those treated with surgery alone. The patients treated with preoperative 
radiation therapy were defined as being locally advanced based on clinical 
parameters, tethering, or annularity. Patients treated with surgery alone 
were patho:ogically staged. So these two patient populations are not really 
strictly comparable. And if anything, I think that the comparison is biased | 
against the patients treated with preoperative radiation therapy, because 
there will be a fair number of lesions that are not tethered, that are not 
annular, thet will be B2 or C lesions when they are operated. With regard 
to the number of patients excluded, 189 patients were treated with pre- 
operative rediation therapy. Twenty-two per cent had lesions that were 
clinically unresectable to begin with, so those lesions were not included 
in this pape~. Actually, 16 of 148 did not have a complete resection, and 
that winds ap being about 10%. So about 10% of the lesions or patients 
when they were taken to surgery had liver metastases and were incom- 
pletely resected. We do advocate the use — the selective use — of pre- 
operative radiation therapy. I do not think that everyone should get - 
preoperativ2 radiation. If clinically, and on the basis of endorectal ul- 
trasound, tke patient appears to have an early-stage lesion, then we think 
they should be operated initially. 

As far as the psychological effect, if patients are advised that when 
they are receiving preoperative radiation the cancer is being treated — 
and the surgeons at the University of Florida and in the Gainesville area’ 
have worked with us for 15 or 16 years — at least as best I can tell, there 
has been n> adverse psychological effect of delaying the surgery after 
preoperative radiation for either the patient or the surgeons. It might be 
best to talx to Dr. Copeland and Dr. Bland and see if they have been 
psychologically affected by that. To the best of my knowledge, that has 
not been the case. 

| agree with the need for a clinical trial. I think that the momentum 
in this courtry is really moving in the direction of postoperative radiation 
and chemztherapy, and I regard this as somewhat unfortunate. I think 
that the treatment with postoperative radiation and chemotherapy is 
more dificult to get the patient through, it is more costly, there are more 
complications, and it may be no more effective than preoperative radia- 
tion, whick can be given over a relatively short time period. I think I 
have answered all the questions. Thank you again for the opportunity 
to present >ur data to you and the opportunity to close the discussion. 
I appreciate it. 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or inter- 
ested in obtaining positions. Display spaces avail- 
able for those desiring greater visibility or more 
space for their message. 


Classified ad copy, like other advertising copy, 
will be reviewed for approval prior to publication. 


Classified Rates: $12.00 per line or fraction of 


line. The average line will be 62 characters. Mini- 
mum charge of $50.00 


Box Numbers: Replies may be directed via Box 
# to J.B. Lippincott Company, at an extra charge per 


insertion of $12.00 to cover handling costs in for- 
warding such replies to the advertiser. 


How to Order: Prepayment not required. Send 
typewritten text copy for the ad to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Ronna Ekhouse 
227 East Washington Square 
Philadelphia, PA 19106-3780 
(215) 238-4215 


Deadline: Copy received by the 25th of the 
month will run in the following month’s issue, e.g. 
November 25 for January issue. Ads received after 
the 25th will run in the next available issue. 





Positions Available 





- VIRGINIA: General/Vascular Surgeons sought for sev- 
eral practice opportunities from the mountains to the coast. 
Solo and group practices. FEATURED OPPORTUNITY: 
General Surgeon seeking a partner in northern Virginia’s 
horse country. Located in the Blue Ridge Mountains just 
one hour from Washington, D.C. Enjoy beautiful office 
facility and affiliation with modern, 150-bed hospital. 
Contact: Bonnie Talton, AM Care Physician Search, 
Department J, P.O. Box 2816, Durham, NC 27715. 
800-477-0600. 


NORTH CAROLINA: Vascular Surgeon sought by busy 
five-physician group in one of the state’s most progressive 
cities. Affiliation with modern 275-bed hospital. Serve as 
Vascular Specialist for market area of 525,000 in this 
outstanding scenic location. Contact: Bonnie Talton, AM 
Care Physician Search, Department J, P.O. Box 2816, 
Durham, NC 27715. 800-477-0600. 


DIRECTOR OF SURGICAL EDUCATION - Opening 
for Director of Surgical Education for a well established, 
community-based teaching hospital in Virginia with major 
medical school affiliation. If interested, send CV to Box 
ANN692A, J.B. Lippincott Company, 227 East Wash- 
ington Square, Philadelphia, PA 19106-3780. 


PITTSBURGH, PENNSYLVANIA — Join a 37 year ald 
general surgeon to replace a retiring partner in this 40 year 
old practice. Surgery and inpatient practice at one hospital, 
390-beds, all private rooms. Minimal pediatric and vascu- 
lar work. Salary, benefits, profit sharing, partnership. Live 
and work in one of “America’s Most Livable Cities”. For 
further information, call or write Daniel Stern and Asso- 
ciates, Suite 240, 211 North Whitfield Street, Pitts- 
burgh, PA 15206; (800) 438-2476. 


Trauma Director — Live and work in the beautiful 
Inland Northwest while you use your trauma skills. 
Spokane, Washington is a city with ideal living conditions, 
low cost of living and minimal and easy commuting. A 
wide variety of social, cultural and outdoor activities (we 
enjoy four seasons) plus a superb school system provide 
an excellent area for raising a family. Deaconess Medical 
Center-Spokane is seeking an applicant with clinical in- 
terest and experience in trauma management. As a tertiary 
flagship facility of a three-hospital, 643-bed system, our 
referral-base covers four states, 53,000 square miles and 
1,500 rural physicians. A state-of-the-art twin engine heli- 
copter transport service links us to the vast rural areas. The 
trauma patient is received into a newly remodeled Emer- 
gency Department that separates the ambulatory patient 
and facilitates trauma care. The 18-bed Intensive Care is 
a newly remodeled unit designed by nurses and physi- 
cians. The Rehabilitation Unit will be relocating to a new 
area in the near future. We are seeking a full-time Trauma- 
tologist who is, by fellowship training, B.C. or B.E. Dem- 
onstrated evidence of leadership and innovation in trauma 
care and trauma system management is required for the 
continued development of our current program. You will 
be assisted by a support system inclusive of a nursing 
executive of critical care with. nationally recognized 
trauma experience, the physician chairman of the Wash- 
ington State Trauma Committee, a rural health services 
executive, and a hospital-based Pediatric-Intensivist. For 
further information contact: Evelyn Torkelson, Vice 
President Rural Health Services/Physician Recruit- 
ment, Deaconess Medical Center-Spokane, P.O. Box 
248, Spokane, WA 99210-0248, 1-800-752-4890. 


THERE IS MORE TO LIFE THAN MEDICINE. 
We'll give you all the time you need to discover this simple 
truth and still enjoy practicing quality medicine. As a 
member of our locum tenens group, you set your schedule; 
take large blocks of free time; catch up on postponed 
pleasures. . .or discover new ones. We expand your future 
practice opportunities, guarantee excellent income, pro- 
vide malpractice insurance, make all the arrangements, 
and pay all the expenses. For details, contact your col- 
leagues at KRON Medical, America’s locum tenens 


` group. Call toll free 1-800-MEDICAL or write KRON 


Medical Corporation, PO Box 13588, Research Trian- 
gle Park, NC 27709. 


GENERAL SURGEONS: NC, SC, PA, IN, IL, MI, CA, 
FL, NATIONWIDE. VASCULAR SURGEONS: GA, FL, 
PA, CA, AZ, NY, NATIONWIDE. ONCOLOGY SUR- 
GEONS: PA. Dr. Goodman, 5600 Executive Ctr Dr., Ste 
102, Charlotte, NC 28212. 704-536-2527 FAX 704-532- 
0839. 


CHIEF OF SURGERY — The Sir Mortimer B. Davis - 
Jewish General Hospital, a 628 bed tertiary care teaching 
hospital of McGill University is inviting applications for 
the position of Chief of Surgery. The Department com- 
prises the divisions of Cardio Vascular and Thoracic, 
Colorectal, General and Plastic Surgery. Potential candi- 
dates should be Royal College certified (or equivalent) 
and have significant academic and research experience in 
teaching hospitals. The successful candidate will be of- 
fered a university appointment commensurate with his/her 
qualifications. Interested candidates should send a copy of 
their curriculum vitae to: Dr. P.L. Heilpern, Associate 
Executive Director, Professional Services, S.M.B.D. - 
Jewish General Hospital, 3755 Cote Ste-Catherine 
Road, Montreal, Quebec H3T 1E2. 


Assistant/Associate Professor —- The University of 
Texas Medical Branch at Galveston, Department of Sur- 
gery is recruiting for a tenure eligible position as Chief of 


Vascular Surgery. Candidates must be Board Certified in, 


General and Vascular Surgery and be eligible for Texas 
Licensure. Dedication to excellence in research, teaching 
and clinical service in an academic environment is essen- 


tial. Send c.v. to: James C. Thompson, M.D., John. 


Woods Harris ‘Professor and Chairman, Department 
of Surgery, Rt. E-27, The University of Texas Medical 
Branch, Galveston, TX 77550, Attn. Patti Mirakian. 
UTMB is an Equal Opportunity/Affirmative Action Em- 
ployer (M/F/V/H). 


General and Vascular Surgeon seeking an associate. 
Must be BC/BE. Well established practice in a high growth 
area of suburban Seattle. This is a very unique opportunity. 
On the campus of a large, progressive medical center. 
60,000 + ER visits/year. Excellent growth potential. Ideal 
environment for families, cultural pursuits and a wide 


variety of recreational activities. Send CV and your inter- - 


ests to: Director of Physician Recruitment, 3330 S.W. 
43rd St., Suite 154, Renton, Washington. 


SEATTLE - Group Health Cooperative of Puget Sound, 
a well-established 370,000-member prepaid group prac- 
tice, is currently seeking a part-time General Surgeon. 
Practice surgery in a collegial atmosphere, with no pri- 
mary care. To inquire, write to: Medical Staff Personnel, 
521 Wall Street, Seattle, WA 98121 or call 1-800-543- 
9323. 


GENERAL SURGEON/MILWAUKEE - Highly suc- 
cessful staff model HMO seeks a BC/BE general surgeon 
for an internal department of general and vascular surgery. 


Competitive salary and benefits. Please reply: Kenneth | 


Scher, M.D., F.A.C.S., Family Health Plan, 11524 W. 
Theo Trecker Way, Milwaukee, WI 53214, (414) 256- 
5691. | 


GENERAL SURGEON - BC/BE General Surgeon with 
strong training in vascular surgery wanted to join a busy, 
well established group of seven. Physician will join large 
multispecialty group of 270, representing over 45 special- 
ties. Main Clinic is adjacent to St. Luke’s Hospitals, a 400 
bed tertiary center and designated Trauma Center. Metro- 
politan community of 130,000 in the upper midwest offers 
an attractive life style for families. Excellent public and 
parochial schools. Two universities and a private liberal 


arts college offer many added amenities. Affiliation with ` 


U.N.D. Medical School and Surgery Residency program 
available. Please respond with full curriculum vitae to 
Terrence Grimm, M.D., 737 Broadway, Fargo, ND 
58123 or call 1-800-437-4010. 


San Francisco Bay Area —- WANTED: Board Certified 
General or Subspecialty Surgeon to fill the position of 
Chief of Surgery at a 181-bed county hospital and large 
ambulatory care system located in the San Francisco Bay 
area. Responsibilities include: teaching the 27 residents of 
the hospital-based, U.C. Davis-affiliated Family Practice 
Residency Program; assisting in the development of the 
Family Practice faculty; general clinical and administra- 
tive duties; and the clinical and adminstrative supervision 
of the general and subspecialty surgeons. Salary and bene- 
fits negotiable. Please send C.V. to: Steven Tremain, 
M.D., Director of Medical Staff Affairs, Merrithew 
Memorial Hospital, 2500 Alhambra Avenue, Martinez, 
CA 94553. Phone: 510-370-5110; FAX: 510-370-5142. 
EOE. 


GENERAL/VASCULAR SURGEON — BE/BC gen- - 
eral surgeon with vascular experience to join a two sur- 
geon group in Sunny Phoenix, Arizona. Send CV to: 
North Valley Surgical Associates, P.C., 1728 West - 
Glendale Avenue, Suite 401, Phoenix, Arizona 85021. 





GENERAL SURGERY — General surgeon needed in 
growing resort are in central Missouri ASAP. Recently 
expanded 99-bed hospital. Contact (314) 348-6470 or 
send CT to PO Box 797, Osage Beach, MO 65065. 





Director of Surgery - Saint Joseph Hospital, a 602-bed, 
not-for-profit teaching hospital located in the heart of 
Denver, Colorado, is searching for a Residency Program 
Director in the Department of Surgery. Currently 31 resi- 
dents in entire program; 3 chief residents graduated annu- 
ally. Candidates must be board certified in general surgery, 


aave adequate clinical/surgical experience, show evidence 


of research interest with publication in peer reviewed 
-ournals, and must have been a faculty member in a 
surgical residency program. Saint Joseph Hospital is 
owned and operated by the Sisters of Charity of Leaven- 
worth Health Services Corporation of Leavenworth, Kan- 
sas. As a teaching hospital, Saint Joseph holds a highly. 
regarded reputation in residency training in internal medi- 
cine, surgery, obstetrics and gynecology, family practice 
end dentistry. It also participates in the training of emer- 
gency medicine residents and provides clinical rotations 
for third and fourth year medical students. Saint Joseph 
maintains the largest private surgery facility in the Rocky 


. Mountain Region with over 20,000 surgical procedures 


performed each year. It also has five critical care units, 
delivers more than 5,000 babies each year, and has 
achieved national recognition for its cardiovascular sur- 
gery achievements. The Residency Program Director will 
b= responsible for organizing and directing the training of 
surgical residents; for ensuring that all requirements of the 


. Sargery Residency Review Committee are met or ex- 
- ceeded; for recruiting the most academically accom- 


p.ished candidates for residency training; for representing 
Saint Joseph Hospital and the surgical training program 
through activities in regional and national scientific com- 
nttees; for providing leadership in formulating both basic 
science and clinical research activities within the depart- 
ment; and for providing assistance with administrative 
duties for the Surgery Department and the Medical Staff. 
Szint Joseph Hospital is the leading hospital in the leading 
city in the Rocky Mountain West. Denver offers over 300 
days of sunshine each year and easy access to a full range 
ofworld class outdoor and indoor recreational and cultural 
activities. Interested candidates should forward their cur- 
riculum vitae and bibliography to: Peter Murr, M.D., 
Chairman, Department of Surgery Education Search 
Committee, Saint Joseph Hospital, 1835 Franklin 
St-eet, Denver, CO 80218, an equal opportunity em- 
ployer. 


PHYSICIAN: CHIEF OF SURGERY. The University 
of South Florida, Department of Surgery, and the Depart- 
ment of Veteran’s Affairs, located in Tampa Bay area, are 
seeking applicants at the level of Associate Professor or 
Professor to be Chief, surgical service at the Bay Pines VA ` 
Medical Center. The hospital is a modern 1,100 bed facil- 
ity, located in the Gulf Coast area and offering various 
levzis of general medical and surgical care. Board certifi- 
caton in general surgery and excellent clinical and teach- 
ing credentials are essential. Research and administrative 
experience is highly desirable. Interested candidates may 
forward inquiries and an updated Curriculum Vitae to: 
Chairperson, Search Committee (111), VA Medical 
Center, Bay Pines, FL. 33504. EOE. 
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@ Sterile ficarcillin disodium for Intravenous 

TIMENTIN and clavulanate potassium Administration 

See complete prescribing information in SmithKline Beecham 
Pharmaceuticals literature or PDR. The following is a brief 
summary. 

INDICATIONS AND USAGE: Timentin is indicated in the treatment of 
infections caused by ay ora pt strains of the designated 
Organisms in the conditions listed below: 

sept cema: including bacteremia, caused by #-lactamase-pro- 
ucing strains of Klebsiella spp." E. coli Staphylococcus aureus* and 


Pseudomonas aeruginosa* (and other Pseudomonas species’). 
Lower Respiratory Infection. caused by f-lactamase-producin 
Strains Of Staphylococcus aureus, Hemophilus influenzae’ an 
Klebsiella spp* : Caused by f-lactamase- 


ucing strains 0 ococcus aureus. Skin n 
nfections: caused by f-lactamase-producing strains 0 ococcus 
aureus, Klebsiella spp., and E. co Urinary Tact Infections complicated 
and uncomplicated): caused by B-lactamase-producing strains of E. coli, 

bsiella spp., Pseudomonas aeruginosa* (and other Pseudomonas 
spp.*), Citrobacter spp.", Enterobacter cloacae,” Serratia marcescens* 
and Staphylococcus aureus: Gynecologic Intections, endometritis 
Caused by fi-lactamase-producing strains of 8. melaninogenicus; 
Enterobacter spp. (including E. cloacae*), Escherichia coli, Klebsiella 


eumoniae,” Staphylococcus aureus and Staphylococcus epidermidis. 
Ina. abdomialInectons: peritonitis caused by B-lactamase-producing 
strains of Escherichia coli, Klebsiella pneumoniae and Bacteroides 


fragilis” group. a Sioa 
K- | = / for this organism in this organ system was studied in fewer than 
infections. 
While Timentin is indicated only for the conditions listed above, 
infections caused by ticarcillin-susceptible organisms are also amenable to 
Timentin treatment due to its ticarcillin content. Therefore, mixed infections 
Caused by ticarcillin-susceptible organisms and B-lactamase-producing 
pa hog susceptible to Jimentin should not require the addition of another 
antibiotic. 4 l 
ADVERSE REACTIONS: As with other penicillins, the following adverse reac- 
tions may occur: Hypersensitivity reactions: skin rash, pruritus, 
urticaria, arthralgia, myalgia, drug fever, chills, chest discomfort and 
anaphylactic reactions. Central nervous system: headache, giddiness, 
neuromuscular hyperirritability or convulsive seizures. Gastrointestinal 
disturbances: disturbances of taste and smell, stomatitis, flatulence, 
nausea, vomiting and diarrhea, epigastric pain and pseudomembranous co- 
litis. Onset of pseudomembranous colitis am toms may occur during 
or after antibiotic treatment (see WARNINGS). Hemic and lymphatic 
systems: thrombocytopenia, leukopenia, neutropenia, eosinophilia and 
reduction of hemoglobin or hematocrit. Prolongation of prothrombin time 
and bleeding time. Abnormalities of hepatic and renal function tests: eleva- 
tion of serum aspartate aminotransferase (SGOT), serum alanine 
aminotransferase (SGPT), serum alkaline phosphatase, serum LDH, serum 
bilirubin. Rarely, transient hepatitis and cholestatic jaundice—as with some 
other penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric acid. 
Local reactions: pain, burning, swelling and induration at the injection site 
and thrombophlebitis with intravenous administration. age: As with 
other penicillins, Timentin in overdosage has the potential to cause 
neuromuscular hyperirritability or convulsive seizures. Ticarcillin may be 
removed from circulation by hemodialysis. The molecular weight, degree 
of protein binding and pharmacokinetic profile of clavulanic acid together 
with information from a single patient with renal insufficiency all suggest 
that this compound may also be removed by hemodialysis. _ 
CONTRAINDICATIONS: Jimentin is contraindicated in patients with a 
history of hypersensitivity reactions to any of the penicillins. 
WARNINGS: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY E oi REACTIONS HAVE BEEN REPORTED IN 
PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE LIKELY 
TO OCCUR IN INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSEN- 
SITIVITY AND/OR A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 
THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE 
REACTIONS WHEN TREATED WITH CEPHALOSPORINS. BEFORE 
INITIATING THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE 
MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS OR OTHER DRUGS. IF AN ALLERGIC 
REACTION OCCURS, TIMENTIN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. SERIOUS ANAPHYLACTOID REAC- 
TIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH 
EPINEPHRINE. OXYGEN, INTRAVENOUS STEROIDS AND AIRWAY 
MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO BE PROVIDED 


AS INDICATED. 

Pseudomembranous colitis has been reported with all antibacterial 
a. veg, Re aay and has in from mild to 
lite-threatening. Therefore, it is important to consider this diagnosis in 
patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon 
and may permit overgrowth of clostridia. Studies indicate that a toxin 
produced by Clostridium difficile is one primary cause of ‘‘antibiotic- 
associated Colitis.”’ l 

Mild cases of pseudomembranous colitis usually respond to drug discon- 
tinuation alone. In moderate to severe cases, consideration should be given 
to management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibiotic drug effective against C. difficile. 
PRECAUTIONS: While Timentin possesses the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions should 
be assessed periodically during therapy. 

Bleeding manifestations have occurred in some patients receiving 
B-lactam antibiotics. These reactions have been associated with abnormalities 
of coagulation tests such as clotting time, platelet aggregation and prothrom- 
bin time and are more likely to occur in patients with renal impairment. If 
bleeding manifestations appear, Timentin treatment should be discontinued 
and appropriate tg instituted. 

Timentin has only rarely been reported to cause hypokalemia. Periodic 
monitoring of serum potassium may be advisable in patients receiving pro- 
longed if 
Pregnancy { tegory B): Reproduction studies have been performed in 
rats given doses up to 1050 mg/kg/day and have revealed no evidence of 
impaired afl or harm to the fetus due to Jimentin. There are, however, 
no adequate and well-controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human response, this drug 
should be used during pr vac only if clearly needed. 

DOSAGE AND ADMIN $1 RATIO : Timentin should be administered by in- 
travenous infusion (30 min.). Usual recommended dose for systemic and 
urinary tract infections for average (60 kg) adults is 3.1 grams Timentin (3.1 
gram vial containing 3 grams ticarcillin and 100 mg clavulanic acid) given 
every four to six hours. For gynecologic infections Timentin should be 
administered as follows: Moderate infections 200 mg/kg/day in divided doses 
every six hours and for severe infections 300 mg/kg/day, based on ticarcillin 
content, in divided doses every four hours. For patients weighing less than 
60 kg, the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses every four to six hours. In urinary tract 
infections, a dosage of 3.2 grams Jimentin (3.2 gram vial containing 
3 grams ticarcillin and 200 mg clavulanic acid) given every eight hours is 
adequate. Please see complete prescribing information for details on 
dosages for other patients, including those with renal insufficiency, and 
directions for use. 

HOW SUPPLIED: 3.1 gram Standard Vial; 3.1 gram Piggyback Bottle: 
31 gram Pharmacy Bulk Package; 3.1 gram ADD-Vantage® Antibiotic Vial. 
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When you can’t bowel prep— 





Ninety percent of the patients with intra-abdominal 
infections* receiving Timentin’® were clinically cured 

or improved compared to 83% of the patients receiving 
clinda/aminoglycoside/+ amp‘ Timentin® provided 
superior eradication of B-lactamase-positive 
pathogens (P=0.05%), including E. coli (P=0.03*): 


TIMENTIN | 


ticarcilin aisodium/ [31g | 
clavulanate potassium 48" 


Made for mixed infections 


“Infections (N=256) caused by one or more B-lactamase-producing pathogens. 

tEleven patients received clinda/aminoglycoside/amp. 

tChi-square ; 

§Please see brief summary of prescribing information on adjacent page for desage and administration. 
Is. 


1. Data on file, SmithKline Beecham Pharmaceutica 





